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M an y  subst an ces poll ut e th e marin e an d ai r en vi ron ment s but n on­
bi odeg radabl e  co mpoun ds are th e most dan ge rous.  H eavy met als an d 
most of  pesti ci des are n ot ab le for th ei r  hi gh t oxi cit y .  M er cu ry an d lead in 
parti c u l a r  t en d  t o  accu m u l at e  in li v e r  an d ki dn ey an d inhi bit th e 
bi osynth esi s  of  h e m e  p rot ein because of  th ei r  affinit y fo r  thi ol an d 
p hosphat e  cont ainin g li gan ds .  Th us ,  it affect s  th e permeabi lit y o f  t he 
membran es of ki dn ey, li ver  an d brain cel ls .  S ol ubl e in organi c mercury (l I ) 
speci es can be t ran sfo rmed int o meth y lmercury un der  aer obi c con diti on s 
by th e acti on of mi croor gani sms.  Th e t arget o rgan of meth yl mercury in 
h u man s  i s  th e br ain wh ere it di srupt s  th e b lood brain barri e r  an d u pset s  
th e met aboli sm of th e n eNOUS syst ems.  
T h e dan g e rs in vo lved f ro m  th e p resen ce of pesti ci des in t he 
en vi ron m ent are deri ved n ot on ly  from t hei r pe rsi st en ce an d t oxi cit y but 
also fro m  t he re mark ab le  degree of  accu mu lati on th ey un dergo th rou gh 
t h e t rophi c  ch ain .  Th e pesti ci des can ent e r  th e marin e medi a  f ro m  
vari ous sou rces e . g .  cr op sprayin g ,  rain fal , run- off fro m  ag ri cult u ral l an d ,  
di rect ent ry from t he in dust ri al an d sewage eff luent . Th us,  th e det ecti on 
an d det e rmin ati on of t hese species ar e of gr eat i mport an ce.  
The  use o f  po lyu reth an e foa ms fo r  ext racti on, recove ry an d 
p recon cent rati on of vari ous in organi c an d organi c speci es fro m  aqueous,  
n on- aqueous an d g aseous mi xt u res h as recei ved con si derabl e  att enti on 
du rin g th e past t wo decades. Po lyu reth an e fo am all ows th e i so lati on of 
t he an alyt e  f ro m  th e mat ri x  an d yi e lds an appropri at e  en ri ch ment fact or. 
Th e q uasi- sph e ri cal mem bran e  st ruct u re ,  th e good hydrodyn ami c  an d 
t he resili ent properti es of t he open cell po lyu reth an e foam offe r real 
advant ages ove r  th e wel  kn own g ran ul ar support s. e .g. V olt al eft whi ch i s  
con si de red on e o f  th e excel ent suppo rt s  in th e lit er at u re in separati on , 
an d p recon cent rati on o f  t race amount s of  o rg an ic and in o rg ani c 
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pol l ut ant s f ro m  di ffe rent medi a . Th us ,  th e appli cati on of  un loaded 
po ly u reth an e foams i m mobi lizin g some ch romogeni c o rgani c reag ent s 
( ch ro m oforms) as cel l ul a r so li d  ext ract o r fo r in o rgani c an d o rgani c 
po l l ut ant s i s  con si dered as a usefu l  addit ion t o  th e fi e ld  of  ch e mi cal 
separati on an d precon cent rati on t echn iq ues. 
In th e p resent i nvesti gati on ,  th e det ect ion an d semiq uantit ati ve 
det e rmin ati on of  m e rcury( l I) an d lead(l I) in aq ueous aci di c  medi a  by 
poly eth e r  foam emp loy in g  1 ,5- di-(2- f l uoroph enyl)-3- mercapt ofo rmaz an ,  
( F2 H2 Dz) h ave been criti cal ly in vesti gat ed e m ployin g poly eth e r  based 
poly u reth an e foams. Unt reat ed poly est e r  based poly ureth an e  foa m al so 
h as been used as a t rappin g medi u m  for th e p recon cent rati on an d 
q uantit ati ve recovery of so me chl o rin at ed in secti ci des ( co m m only in use 
by th e Mini st ry of  A g ri cult u re an d Fish e ries of  U A E) f ro m  large vol u me 
sampl e  of wat e rs .  
Th e sen sit ive det ecti on an d se miq uant it ati ve det e rmin at i on of  
m e rcu ry( l I) an d l ead( l I) in aq ueous acidi c  so luti on ( p H  < 6) e m pl oy in g  
th e ch ro m o g eni c reag ent s H2 Dz- an d F2 H 2 Dz- i m m o biliz ed  o r  
pl ast iciz ed in t ri-n- butyl ph osph at e  (TB P) loaded foams were ach ieved vi a 
bat ch st ati c  an d dyn amic modes of ext ract ion: 
i) In th e st at ic ext racti on mode, th e det ect ion of 0. 1 ppm of mercu ry( l I) 
in aq ueous  acid ic so luti on was easi ly ach i eved f ro m  a mi xt u re 
cont ainin g th e t est ed H g2 + ion s ,  F2 H2 Dz an d un loaded foams.  
Th e det ect i on of  0 .05 an d 0.0 1 ppm of  m e rcu ry(l I) were a lso 
achi eved with po ly u reth an e foam t reat ed with F2 H 2 Dz an d 
pl asti ciz ed F2 H2 Dz- TB P foams, respect ively . In case of  l ead(l I) as 
l ow as 0.2 an d 0. 1 ppm were al so det ect ed on F2 H2 Dz l oaded­
poly u reth an e foams an d p last iciz ed F2 H2 Dz-TB P fo ams.  Th e 
se miq u antiti ati v e  det e rm in ati on of  m e rc u ry( l I) an d lead(l I) in 
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aqu eous aci di c  so luti on e mpl oyin g pol yu reth an e foam loaded with 
F2 H2 Dz an d p lasti ciz ed foams with F2 H2 Dz-T B P  were successfull y 
carri ed out. 
ii) In th e dyn ami c (co l umn) t echni que ,  th e det ecti on an d semi q uanti­
t ativ e d et e rmin ati on o f  m e rcu ry( l I) an d l e ad( l l) i on s  w e re 
successfu l ly  achi ev ed at th e n g  cm-3 (ppb) con cent rati on l ev el usin g 
i m mobi liz ed F2 H2 Dz foams an d p lasti ciz ed polyu reth an e foam with 
th e reagent s F2 H2 Dz-T B P. A s  low as 1 an d 50 ppb of  mercu ry( l I) 
an d lead(l l) in aq ueous  aci di c  medi a  we re easi l y achi ev ed ,  
respectiv el y .  Th e l en gth o f  th e co l o u red z on e  was foun d  
propo rti on al t o  th e con cent rati on of each met al i on. Th us ,  it was 
t ak en as a se mi q uantit ativ e measure of m et al i on ( H g2 + or P b2 +) 
con cent rati on s. 
iii) Th e sel ectivit y of th e proposed F2 H2 Dz- loaded for  th e det ecti on of 
1 � g  m e rcu ry( l I) an d l ead(l I) in aqu eous aci di c  medi a  in th e 
presen ce of v ari ous int erferin g i on s  by bat ch mode of ext racti on was 
criti call y carri ed out .  Re mova l  of th e int erfe ren ce caused by some 
i on s  on th e det ecti on of both Hg2 + an d Pb2 + i on s  was successful ly  
achi ev ed.  
Unt reat ed po lyest e r  pol yu reth an e foams we re e mp loyed in st ati c 
an d dyn ami c modes fo r th e ret enti on an d separati on of  a seri es of  
ch l o rin at ed in secti ci de ,  e . g .  Di azin on ,  M alathi on an d D u rsban f ro m  
aqueous medi a. Th e in f luen ce o f  di ffe rent paramet e rs ,  e. g. sol uti on p H ,  
in secti ci de con cent rati on , t emperat u re ,  salt effect ,  cont act ti me ,  ext racti on 
medi a, an d cati on siz e of addin g salt s affectin g th e so rpti on beh avi our  of 
each co mpoun d  on th e unl oaded foam was inv esti gat ed .  Th e sorpti on 
p rofil es  o f  Di azin on an d M alathi on were con si st ent with th e " solv ent 
ext racti on mech ani sm". Thi s con cl usi on was support ed by th e fact th at in 
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th e p resen ce of di ff er ent uni valent cati on s th e ret enti on p rofi les by th e 
un loaded f oams in creased with cati on siz e in th e or der: 
On th e oth e r  h and ,  th e sorpti on p rofil es of Dursban by th e un loaded foam 
in th e presen ce of U+ , Na+ , K+ an d N H: fol low th e seq uen ce: 
K+ > N H
+ 
> Na+ > U+ 4 
in di catin g so rpti on of  thi s co m p o un d  by  th e "cati on ch el ati on 
m ech ani s m". Th e th e rmodyn ami c paramet e rs, � Ho an d � So for th e 
so rpti on process of th e t est ed in secti ci des by th e un loaded foams were 
comput ed .  Th e co l u mn performan ce ,  th e criti cal capacit y ,  th e hi gh est 
eq ui va lent t o  th e th eor eti cal  pl at es ( H E T P) an d th e n u m ber  of  th e 
th eor eti cal pl at es ( N) for th e unl oaded foam col u mn were al so cal cu lat ed 
an d di scussed . S epar ati on of some of th e t est ed in secti ci des was also 
achi eved.  
S eparati on of  th e t est ed speci es can be achi eved p rovi ded th at 
th e re i s  a s u ffi ci entl y la rg e  di ffe ren ce in th e opti m u m  con diti on of  
ext racti on of each compoun d .  O pen cel l  t ype resili ent polyur eth an e  foam 
exhi bit rapi d  separati on in colu mn mode ope rati on s at relati vel y hi gh flow 
rat e  with o ut si gni fi cant i m pai rm ent of th e sepa rati on e ffi ci en cy .  
M or eover, th e foam offe rs a wi de ran g e of  modi fi cati on s th an n ormal 
g ran u lar soli ds .  Th e good h ydrodyn ami c prope rti es of  th e foam sor bent 
of er uniq ue  advant age in rapi d, ver sati l e  an d pr econ cent rati on of  th e 
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F ig .  3 . 3 .  Effect o f  p H  on t h e  extract ion perce ntage of Malath ion  ( 1 ) , D iaz inon  
(2) ,  and  D u rsban (3 )  80 Il g/cm 3  by the  un loaded foam (0. 3 ± 
Fig .  3 .4. 
Fig .  3 .5. 
F ig . 3 . 6. 
0.004 g)  i n  1 00 cm3 aqueous samp le  at 20 ± 0. 1 °C and 2 h rs .  
shak ing  t ime .  
T h e  st ruct u re o f  t h e  protonate d  u re thane  (a) and/o r ester  (b) 
l i nkages of the polyeste r-based po lyu rethane foams.  
Effect of s haki ng t ime on t he so rpt i o n  profi l es of  Malath ion  ( 1 ), 
D iaz i non  (2), and Du rsban (3) by u n loaded foams (0.3 ± 0.004 g) at 
80 Ilg/c m3 i n  aqueous solut ion ( 1 00 cm3) at the opt i m u m  pH of each 
co mpo u nd and 20 ± 0. 1 °C. 
Extract i on  isothe rm of Malath ion ( 1) ,  D iazi non (2), and Du rsban (3) 
at concent rat ion  1 0-200 Ilg/cm3 by t h e  un loaded foams (0.3  ± 0.004 
g)  fro m  1 00 cm3 aq ueous sample at opt i mum pH of extract ion  and 
20 ± 0. 1 °C and 1 hr. ext ract ion t i m e .  
Fig . 3 .7. Effect of ext ract ion  media on the s o rpt i on  profi l e  of Malath ion  by 
t h e  u n l o aded  foam at 40 mins .  shak i n g  t ime, 0% ( 1 ) , 5% (2) and 
1 5% (3) of ethanol .  Othe r  condit io n s  as in Fig .  3 .5. 
Fig .  3 .8 .  Effect of ext ract i o  med ia  on the s o rp t io n  prof i le of Dursban by 
the u nloaded foam at  80 mi ns .  s h ak i n g  t ime, 0% ( 1 ), 5% ( 2) 
and 15% (3) of ethano l. Other  cond i t i o ns as i n  Fig. 3.5. 
Fig .  3 .9. Effect of cat io n  s ize and concent ratio n  (�0.1 M) of various  un ivale nt 
ions (Li+, Na+, K+ and NH;) on t h e  so rpti on  p rofi les of Mal ath ion  by 
un l oaded foams.  Salt conce ntrat i ons  are 0.01 M ( 1 ) , 0.05 M (2) and 
0. 1 M ( 3). Othe r  condit ions as in Fig.  3 .5 and 1 hr. shaki ng ti me .  
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Fig .  3 . 1 0 .  E ffect o f  cat ion s ize and concentrat ion ($ 0 . 1 M)  of various un ivalent 
ions (L i+ ,  N a+ ,  K+ and N H: ) on  the so rpti on profi les of D iazi non by 
the  u n loaded foams. Salt concentrat ions are 0 .0 1  M ( 1 ) ,  0 .05 M (2) 
and 0 . 1 M (3) . Other  condit ions as in Fig . 3.5 and 1 h r. shaki ng t ime .  
F ig .  3 . 1 1 .  Effect of cation  s ize and concentration ($ 0 . 1  M) of various un ivalent 
ions (Li+, Na+,  K+ and N H: ) on  the sorpt ion p rof i les of Du rsban by 
the u n loaded foams. Salt concentrations are 0 .0 1  M ( 1 ) , 0.05 M (2) 
and 0 . 1 M (3) .  Other  condit ions as in F ig .  2 .5 and 1 h r. shaki ng t ime .  
F ig .  3 . 1 2 .  Break t h rough capacity curves of  the sorpt ion profi l es of D iaz inon at 
f low rates of 1 5  cm3 mi n- 1  ( 1 ) and 25 cm3 m in - 1  (2) by the un loaded 
foam colu mn .  
[ix] 
LIST OF TABLES 
List of Tables 
Table 2. 1 .  C haracterist ic absorpt ion  i r  (cm- 1 )  i n  KBr  d iscs, e lect ron ic ( nm)  
spect ra l  data and the  mo lar abso rpt iv i t ies (E) fo r t he  reagents 
F2H 2 Dz and H2Dz and t he i r  mercu ry ( I I )  and l ead ( I I ) che lates i n  
d ich loromethane and i n  pol yurethane foams i n  parenthesis.  
Table  2 .2 .  Comparat ive sensit iv i ty of  batch F2H 2 Dz (a )  and H2Dz (b )  fo r the 
detection  of mercu ry ( I I )  ions .  
Table 2 .3 .  Comparat ive se ns i t iv i ty  of  batch F2 H 2 Dz (a )  and H2Dz (b)  for  
t he  detect ion  of  lead ( I I ) io ns. 
Table 2 .4 .  Effect of  d i fferent  i ons u p  to 1 04 Il g  on  t he  detect ion  o f  1 Ilg  
mercury (" )  o r  lead ( I I ) by  F2H2Dz- loaded foam.  
Table 2 .5. E ffect of various i nte rferi ng ions at concentrat ions 1 0- 1 000 Ilg on 
the detect ion  of 1 Ilg  mercu ry ( I I )  o r  lead ( I I )  by F2 H 2D z - l o aded  
foams. 
Table 2 .6 .  D etect i on  of  1 Ilg  m e rcu ry (a )  and l ead (b )  w i t h  1 , 5 -d i - (2 -
fl uo ropheny l ) -3-mercaptofo rmazan loaded foams afte r  removal o f  
t he  i nte rferences caused by  some of t he  tested i nte rferi ng ions .  
Table 3 . 1 . The rmodynamic data for  t he  so rptio n  of the tested i nsect ic ides by 
the u n loaded foams. 
Table  3 . 2 .  The  l ogarit h m  o f  d ist ri but ion coeff icien t  ( l og  D )  for t he  sorpt ion  of 
t he  tested i nsect ic ides by the un l oaded foams in t he  prese nce of 
d iffe rent alkal i u n iva lent cat ions. 
Tabl e  3 . 3 .  E xt ract io n a n d  recove ry of  t he  tested i n sect ic ides (0 .05 m g )  
from 5 dm3 of  aqueous so lut ion at 1 0  cm3 m i n - 1  f low rate b y  the 
proposed u n l oaded foam colu mn .  
Ix 1 
• 
C H A PT E R 1 
GENERAL INTRODUCTION 
1 .  LI T E R A T U R E  S U RV EY 
1 . 1 .  Hi stori cal Ove rvi e w: 
Natu ral sponge is considered to be the o ldest example of a sol id 
mate r ial o f  quasi -sphe rical mem brane app l i ed in  separat ion  chemistry 
(Moody and Tho mas, 1 982) . More than fou r  ce ntu ri es ago ,  a sponge 
mater ia l  l oaded wi th  o l ive o i l  was used for the pu rif icat io n of e thano l  in  a 
d ist i l l at i on  system (Bowen ,  1 970 ) .  The ethano l  vapour  was cons idered 
as a mobi l e  phase. The sponge material as a so l id support and o l ive o i l  
as  a l oaded stat i onary phase, success ive ly .  The p reconcentrat i on  o f  
t race amou nts o f  beryl l i u m ( I I ) ,  go ld ( l I l )  and t i tan i u m ( IV)  f ro m  sea water  
empl oy ing natu ral sponge materia l  support i ng  i ron ( l I l ) hydrous ox ide and 
t rea ted  foam have been  descr i bed  by La l  et  a l . ,  1 964 .  The 
i m mo bi l i zat i o n  o f  an enzyme conta i n i ng starch  ge l  on re t icu l ated 
po lyet he r  based po lyurethane foam to mo n i tor  water  and a i r i n h i bi t i ng  
atmospheric po l l utants have been  reported by  Bauman,  et al. , 1 965.  
The app l icat i on  o f  ret icu lated po l yu re thane foam as stat i onary 
phase i n  gas ch romatog raphy was indicated by Van-Ven rooy, 1 967. The 
reso l u t i o n  o f  a m i xt u re co nta i n i n g  h e ptan e ,  b e n z e n e ,  t o l u e n e ,  
e thy l b e n z e n e  and  2 -e thy l p h e n o l was f i rst s u g g ested o n  s p o n g e  
po l yu ret h ane  f o a m  ( Bowe n ,  1 970 a n d  Van-Ve n rooy ,  1 96 7 ) .  The  
analyt ical ut i l i ty  of u n loaded po lyu rethane foams fo r t he  so rpt ion  and 
recove ry o f  some se l ected pheno l s  and i no rgan ic  compou nds e . g .  
i od i n e ,  an t i m o ny ( I l I )  and (V ) ,  t i n ( I I )  and ( I V )  a n d  b ro m i n e  f ro m  
aqueous so lu t ions co ntai n i n g  t hese species was i n i t iated b y  Bowen i n  
1 970 . 
Based on  t he  p io nee ri n g  wo rk o f  Bowen ,  G esse r et al . ,  1 97 1  
i n it iated the appl icat ion  of unt reated po lyurethane foams for  the sorpt ion 
[ 1 ]  
of  t race o rgan ic  contaminants e . g .  phtha late este rs ,  o rgan ic  dyes and 
pesticides from water. 
I n  1 972,  B raun and Farag started t he  appl icat ion of pol yu rethane 
foams fo r the separat ion pu rposes in a complete ly d i fferent way by taki ng 
t he advantage of  t he  sphe rical membrane shaped geomet ry of  the  
po l yu ret hane  foams .  The  same aut h o rs we re ab le  to use  t he  
po l y u re thane  foams i n  batch and co l u m n  mode fo r t he  che m ical  
separat i on  as a subst i tute mater ia l  fo r  the t rad i t i onal so l id  g ranu lar 
support i n  extract ion chromatog raphy.  These p ionee ring  studies resu lted 
i n  several  v e rsat i l e  app l icat i ons  of u n l oaded and l oaded foamed 
polyu rethanes (po lyether and po lyeste r type) i n  separat ion chemist ry .  
The advances i n  us i ng  po l yu rethane foam sorbe nts fo r chemical 
p reco ncent rat i ons  and separat i on  of  vari ous  i n o rg an ic  and o rgan ic  
spec ies i n  d i fferent  med ia  a re rev iewed i n  t h ree  monographs (Moody 
and  Thomas ,  1 982,  B raun ef al . ,  1 985  and  Z . B. Al fassi and  Wai , 1 992) 
and some  rev iews (B rau n and Farag ,  1 975 and 1 978 ; Moody and 
Thomas, 1 979, B raun ,  1 983 and 1 989) .  The most dist i nctive featu res of  
po lyurethane foams as so l id sorbe nts are the i r membrane l i ke structu re 
wh ich d i ffe rent iates them f rom othe r  sorbents which are e i ther  co mpact 
(g ranu lar) or porous bu lky so l ids .  Separat ions us ing  so l id  membranes 
as stat i onary phase occu rs by way of  membrane act ion .  The  foam 
membranes  act as so rbents ,  i . e . ,  the ions and/o r mo lecu les  to be 
separated o r  p reco ncent rated are retai ned ,  i . e .  sorbed o n/o r in  t he  
membranes l i ke struct u re o f  t he  foams (B rau n and  Farag ,  1 978) .  I n  
add i t i o n ,  p o l y u re t h a n e  foams h av e  good  hyd ro d y n a m i c  and  
aerodynamic propert ies  (B rau n and  Farag , 1 975) .  Further, t he  d i ffus ion 
rates  of  chemical species i n  membranes are considerabl y h i ghe r  than in 
bu lky so l ids .  Po lyu rethane foam membranes a lso offe r a wider  range of 
[2] 
poss ib i l i t i es  for chemical modif icat ion than no rmal l y  found  wi th bu lky 
(g ranu lar) so l id  support (Moody and Thomas,  1 979) .  
1 .2 .  Fundame nt al Knowle dge of Foam e d  Polyureth anes :  
Po lyu ret hane foams can be  defi ned as  p last ic mater ia ls i n  which a 
pro port ion  of  so l id  phase is  rep laced by a gas i n  the form of numerous 
smal l  bubbles (ce l ls )  (Thomas, 1 965) .  The gas may be in  a cont i nuous 
phase to g ive an open ce l l  mater ia l  o r  i t  may be d iscont i nuous to g ive 
nonco m m u n icat ing  cel ls .  F lex ib le and rig id  polyu rethane foams of open 
and c losed ce l l  structu res wi th  a wide range  of  p ropert ies have bee n 
prepared and characte ri zed (Braun and Farag , 1 978) .  
1 .2 . 1 . Ce l l  Struc t ure : 
The p resence o r  absence of  w indows i n  t he  ce l l  structu re of the  
foam is  a funct i on  of  t he  method of  foam p reparat i on  ( Moody and 
Thomas ,  1 982 ) .  Both ri g i d  and f l ex i b l e  po l yu rethane  foams may 
obtai ned i n  closed o r  open po res cel l  structu re .  The structu re made up  of 
w i ndowless ce l l s  (conta i n i n g  on ly strands)  is named ret icu lated foam.  
C losed ce l l  foam can  be converted to open-ce l l  foam structu re by  ruptu re 
of  t he  wi ndows mechan i ca l l y  by app ly i ng  p ressure or che m ical l y  by 
hyd rolysis or ox idat ion (Moody and Thomas,  1 982) .  
F ig .  1 . 1 s hows a typ ical po lyu ret hane foam in  wh ich t he  bubb les 
occupy about 97% of the vol u m e .  The po lyhed ral structu re is  c learly  
v i s i b l e ,  and t h e  po l y hed ral o n  the ave rage  a re quas i - sph e r ica l  
p e n tag o na l  dodecah e d ra ( B rau n ,  et al . ,  1 985 ) .  The  po l ymer  is  
d ist ributed between the  wal ls of the  bubbles and the l i nes where bubbles 
i nte rsect. The bubb les  are cal led ce l l s ,  t he  l i nes of  i nte rsect ions are 
cal led strands and the  wal l s  are membranes. 
[3) 
The foams can ideal ly viewed as more o r  less reg ular collections of 
sol id s p h e ri cal  membranes .  Spati a l l y  symmet ri cal packing is  usual ly 
based on sph ere packings in a plane .  There are two symm etry types, 
cub ic  and hexagonal. In both packing types, the  fi rst two layer have the  
same arrangement and the  packing pattern i s  d i ffe rent on ly  i n  t h e  t h i rd 
laye r .  S i  nce t h e  re a re two vo ids fo r each  s p h e re ,  t h e re a re two 
possibil i t i es of plac ing the t h i rd l ayer .  H owever, in the h exagonal c losest 
pack ing, the  t h i rd layer is  p laced in t he  same way as the  f i rst laye r .  
[4] 
Fig. 1 . 1 .  T ypi cal pol yu reth an e f oam stru ctu re 97% voi ds . 
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1 . 2 . 2 .  Met h od s of Po lyu rethane  Foa m s  Preparati o n : 
Po lyuret hane foams are the  most w idely  used cellu la r  plast ic i n  
separat ion  chem ist ry (B raun a n d  Farag , 1 978) .  These foam mate r ials 
a re p repared in soft ,  flex ib le  or rig id  foams and have been fabricated 
from a variety of pol yester and polyether  types. The two i mportant 
react i ons i n  t he  p re parat i on  of u rethane  foams are t h ose between 
isocyanate and hyd roxy compounds (polyester o r  polyethe r  polyols) and 
those  between  isocyanate and wate r. The fo rmer  react ion  fo r t h e  
formation  o f  a u rethane g roup  can b e  considered as a chain propagat ing  
react ion  i n  wh ich: 
R - N = C = 0 + R - OH � ------4) R - [NH - C - 0] - R 
Urethane 
( 1  . 1  ) 
The second react ion  i nvo lves the  i nte ract i on  between  isocyanate and 
wate r and l i berati on  of carbon d ioxide as an in situ blowi ng agent .  
( 1 . 2 )  
carbamic acid 
The  p roduced carbamic acid  may also react w i th  anothe r  isocyanate 
molecu le to form subst ituted u rea :  
R - NH2 + R - N = C = 0 ======= R - N J - N R  
H H 
substituted u rea 
( 1 .3 ) 
Carbam ic  acid may also reacts w i th  another  isocyanate molecule to  
produce carbamic acid anhyd ride which decomposes to subst ituted u rea 
and carbon d iox ide as fo l lows : 
[6] 
u " " 
[R-NH-C-OHj + R'-N = C = 0 -) [R'NH-C-O-C NHR'j-) R-NH-CO NHR' + C02 ( 1 .4 )  
Carbamic acid Carbamic acid anhydride 
The ma i n react i on  wh ich l eads to b ranch i n g  and c ross- l i n k i ng  
po ly u re thane foams a re t he  isocyanate- u rethane react i o n  p roduc ing  
al lophanate l i n kages and the isocyanate - u rea react ion  which produce 
bi u ret: 
R - N � C � 0 + R - NH - f OR' --. R [NH - KN-l O[ R' 
Al lophanate 
R-N � C � 0 + R -- NH-K-NHR' --. R - [N - pO - N H  ---- ] R' 
9° 
N H  
I 
R 
B iu ret 
( 1 . 5 )  
( 1 . 6 )  
G e n e ral l y ,  t he  phys ica l  and chem ical p rope rt i es of  po lyu rethane 
foams depend on  the  method of  p reparatio n .  The mechanical propert ies 
of  po l yu rethane foams are h igh l y  dependent on the propo rt io n  of  the  
al l ophanate l i n kage wh ich i ncreases w i th  react ion  t ime and temperatu re 
of toluene d i isocyante-based u rethanes (B raun and Farag , 1 978) .  
The  chemical resistence o f  some batches o f  commercial polyu rethane 
foams has been tested and found to be rather  stab le and i ne rt (Bowen ,  
1 970) .  The  tested foam batches degraded when  heated between 1 80 
[7] 
and 200 ce, and s low ly  tu rned brown i n  u l t ravio l et l i g ht .  They were 
d isso lved by concent rated su l ph u ri c  acid ,  destroyed by conce ntrated 
n i t ri c  acid and reduced a lka l i ne  potass ium permanganate .  They were 
most l y  u na lt e red , apart fro m revers ib l e  swe l l i ng ,  by wate r  so l ub l e  
h ydrox ide so lut i o n ,  as we l l  as  by so lvents such  as  l i g ht petro l e u m ,  
benzene ,  carbon  tet rach l o ride ,  c h l o rofo rm ,  d i ethy l  e the r , d i isop ropy l  
eth e r, aceto ne ,  isobutyl methyl keto ne ,  ethy l  acetate ,  isopentyl acetate 
and a lcoho ls .  
1 . 3 .  Th e Analyt ical Appl i c at i ons of Polyureth ane Foam 
S o  r be nt s :  
The p ract ical u t i l i ty  o f  po l yu re thane foam i n  separat i on  and 
p reconcentrat i on  o f  a wide variety o f  i o n ic and non - ion ic  species from 
l iqu id o r  g as phase h ave been reported (B rau n ,  et. al. , 1 985) .  The foam 
materia l  acts as sol id sorbent in sol id- l iqu id and/or so l id-gas system .  The 
membrane l i ke st ructu res of t he  foams have been also loaded with many 
h yd rophob ic  so lvents and chelat i ng compounds ,  i . e .  t h ey act as i ne rt 
s u p p o rt i n  reve rsed  p h ase  ex t ract i o n  c h ro matog ra p h y  syst e m s .  
Po lyu ret hane foam mod i fi ed  b y  chemica l  anchori ng  and/o r g raft i ng  o f  
d i fferent che lat i ng  agents form ing fu nctiona l  g roups o f  t he  backbone of 
po lyu rethane foam h ave bee n extensive l y  used i n  chemical separat ion  
(Anjaneyu lu et  al. , 1 993) .  
1 . 3 . 1 .  Quant i tat i ve C ol lect i on and Retent i on of Inorgani c 
Spec ies  with  Res i l i e nt Loaded Polyureth ane Foam s :  
Po l yu ret h a n e  f o a m s  s u p p o rt i n g  var i o us o rgan i c  and/o r i n o rgan ic  
c o m p o u n d s ,  enzymes  and  i on  exc h a n g e rs have  bee n  p re pared and  
successfu l l y  emp loyed fo r  t he  retent ion  and  separat ion pu rposes (Braun et  al. , 
1 985) . 
[8] 
The  ana l yt i ca l  app l icat i on  o r  u t i l i zat i on  o f  po l yu re thane foams 
l oaded wi th  t ri - n -butyl phosphate (TBP)  in  batch and colu mn  o pe rat i on  
m odes  f o r  t he  p reconce nt rat i on  and  separat i o n  o f  se ries  o f  b i nary 
m i xt u res of  metal i ons  have been reported (B rau n and Farag , 1 972) .  
S i nce t h e n  seve ra l  separat i ons  and p reconcent rat i ons  o f  i n o rgan ic  
species i n  aqueous media have been examined by  the foams suppo rted 
so lvent extractants (Suk iman 1 974, Braun  and Farag 1 973 and B raun et 
al. , 1 973) . A ser ies of o rganic solvents e . g .  TBP,  methyl isobutyl ketone, 
d ie thy l  et h e r, iso p ropy l  e t he r  and  ethy l  acetate have been used to 
impregnate the foam membranes (Brau n  et al. , 1 985) .  
F u rt h e rmo re ,  i t  was repo rted by B raun ( 1 989)  t hat he te ropo ly­
mo lybdates of  phosphorus ,  s i l i co n ,  a rse n ic and german i um ,  both i n  t he  
reduced and n o n reduced fo rms are effect i ve ly  so rbed by po l yethe r  
po ly u re thane foam.  T h e  extract i on  o f  go ld ( I I I ) f rom aqueous  neut ra l  
and alkal i ne  cyan ide media has also been i nvestigated by po lyu rethane 
foam ( Bowe n ,  1 970 and B raun  and Fa rag , 1 973) . The u n l oaded 
p o l y u re t hane  foams  s howed good ab i l i t y  t o  reta i n g o l d -t h i o u re a  
comp lexes  from acid ic aqueous so lu t i ons (B raun  a n d  Farag ,  1 973). 
Sch i l l e r  and Cook ( 1 97 1 ) ,  examined the separati on of go ld ( I I I )  ch lo ride 
f ro m  n atu ral waters wit h res i l i ent po lyurethane foam sorbent .  Gesser 
and h is  co-workers ( 1 976) have s hown that open-ce l l  po lyurethane foam 
of  po lyet he r  type is an  eff ic i ent stat ionary p hase in t he  ext ract i on  and 
recove ry of ga l l i u m ( l I l ) f ro m  acid ic ch lo ride sol ut ions. 
The extract i on  of ant imony ( I I I )  and (V) from aqueous hyd roch lo ric 
ac id sol ut i ons by po lyether  po lyu rethane foam has been i nvesti gated by 
LO and C how ( 1 979) . The ext racti on behav iour  of t in( I I )  and ( IV) from 
acid ic  c h l o ride  med ia  w i t h  po lyet he r  and po l yeste r  foams has been 
exami ned (Lo and C how 1 981) .  The sorpt i on  behav i ou r  of go ld ( I I I ) ,  
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s i l v e r ( J )  and p lat i n u m ( I 1 }  f rom d i ffe re nt ha l i de  m ed ia  by u n l oaded 
po lyu rethane foam has been reported ( Koch et. al. , 1 985) .  The col lection  
of tantal u m (V}, ant i mony(V}, and rhen i um(VI I )  fro m  fl uo ride med ia has 
also been  i nvest igated. (Caletke et. al. , 1 985) .  
The so rpt ive capacity o f  the po lyethe r-based po lyu rethane foam 
was dete rm i ned  t o  be  between 0 . 85 and 0 . 92 m mo les/kg fo r  t h e  
p I a t  i n  u m ( IT)  c h l o r i de  c o m p l e x  (Sc h ro e d e r  and  C how 1 99 2 )  i n  
h yd roch l o ric and  hyd robrom ic  acid  concent rat i ons  u p  t o  3 . 0  M .  T h e  
p lat i nu m ( l l )  bro m ide complex had h ighe r  extract ion  e ffici enc ies than t h e  
p lat i n um ( I I} ch lo ride complex .  T h e  percent o f  p lat i num ( I I} extracted 
i ncreased when  a l ka l i  metal cat ions  are added.  The sorpt i on  p rof i les 
i ncreased i n  t he  o rder  K+ < Na+ < Li+ for polyethe r  foam and decreased 
in t he  o rder  K+ > Na+ > Li+ for the po lyester foam .  
Ex t ract i o n  o f  a lky l a m m o n i u m  te t raphenyl bo rates  and  d i p ic ry la ­
m i n ates by po lyu re thane foam h ave been stud ied ( Fo n g  and  C how 
1 992) .  A lkylammon ium ions are extractab le by  po lyethe r-and polyester­
type po lyu ret hane foams from aqueous so lu t ion i n  t he  p resence of  bu lky 
and hydrophob ic  an ions such as tetrapheny lborate and d ip ic ry lami nate 
(Fong and C how 1 992) .  The extractab i l ity  sequences of  NH: > te rt ia ry 
buty l a m m o n i u m  > i sop ro py l -ammon i u m  > ethyl a m m o n i u m  > methy l ­
ammon ium fo r t he  extract ion w i th  po lyethe r  foam and te rtbutylammon ium 
a lmost-equal -to isopropy l -ammon ium w i th  polyester foam.  
The so rpt ion  behav io r  and sepa rat i on  of some m etal  thiocyanate 
complexes on  po lyethe r- based po lyurethane foam have been s tud ied 
(Farag et al. , 1 994) .  Attempts fo r the quant i tat ive retent ion and recovery 
o f  t h e  tested t h i ocyanate com p lexes by t he  foam co l u m ns were a lso 
made and satisfacto ry resu lts were obtai ned.  The he ight equ iva lent to  
theoret ical p lates (HETP) of t he  foam colu mns were calcu lated from the 
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chromatograms o r  from break th rough  capacity cu rves and were found i n  
t he  range 1 .8 - 2 . 3  mm at f low rates up  t o  1 5  cm3/mi n .  
A new method o f  so rbent supported t ransport ext ract ion based on  
the  use of  open -ce l l  po lyu rethane foam sorbents i n  so lvent  sub lat ion  
separat ion  has  bee n developed ( Palagyi and  Braun 1 994) .  The  method 
has been s hown to be effective fo r t he  separat ion  and preconcentrat i on  
of rad io iod ine and/or stable iod ine from 4 l i t re of de ion ized,  d ri nking  and 
su rface water  us ing  N-cetyl pyrid i n i um  ch lo ride as a cation ic su rfactant 
and n i t rogen gas as the bubbl i ng  medium .  
Po lyu re thane foam has been  demo nstrated to  be usefu l i n  t he  
separat ion  and  concentration  o f  a wide variety of i no rgan ic species from 
d i ffere nt med ia (Fong and Chow, 1 992) .  The  extracti bi l i ty sequences of 
K + .::. Ftb+ > Cs+ > Na+ > Li+ fo r  t he  ex t ract i on  w i th  po l yethe r  foam 
suggested the cat ion che lat ion mechan ism.  The same order  of ext ract ion 
was obta ined wi th po lypropyl ene  ox ide po lyethe r  foam wh ich does not 
no rma l l y  adopt a he l ical st ructu re to  form oxygen  rich  cav i t i es .  Th is  
i nd icates t hat t he  water - st ructu re enforced ion -pa i ri n g  (WS E I P) is  t he  
d riv i ng force for extract ion of the ion-pa i rs (Fong & Chow, 1 992) .  
The ana lyt ica l  u t i l i ty o f  po lyu rethane  foam for  the separat i on  o f  
t e l l u ri u m  and  se l e n i u m  by po lyu re thane foam sorbents h ave been 
crit ical l y  i nvest igated (Stewart and Chow, 1 993) .  Tel l u ri u m  is  ext racted 
rapid ly  (> 99%) in 2 m i n  f rom hydroch lo ric acid / sod i u m  bromide wh i l e  
se l en i u m was ext racted s low ly .  A method  fo r se l ective extract i on  o f  
m a n g a n es e ( I I )  w i th  d i t h i zone  and potass i u m  t h i ocyanate h as bee n 
reported by C hakrabort i  and Roy,  1 993. The method i nvolves formati on  
o f  a Mn ( I l ) -t h i ocyanate-d i t h i zone  com p l e x  in  a hexam i n e  m ed i u m  
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con ta i n i n g  potass i u m  t h i ocyan ate ,  d i t h i z o n e  and  h yd roxy l a m i n e  
hydroch lo ride at p H  � 6 .  
Po l yu re thane  foams i m m ob i l i z i n g  d i et hy l  d i t h i ocarbamate and  
d i t h i zone  reagents have been  used fo r  the extract i on  and separat ion o f  
mercury ( I I ) ,  cobalt ,  ant imony( I I I ) ,  i nd ium( I I I ) ,  s i lver( I ) ,  methyl mercury ( I I ) ,  
pheny l  mercu ry ( l I )  a n d  coppe r( l I ) (B rau n a n d  Farag 1 974,  Valente and 
Bowe n ,  1 977 ,  B raun  et a/. , 1 98 1 , Farag et a/., 1 986 and 1 987) . These 
foams comb i ne  bot h t he  se lect iv i ty o f  t he  che lat i ng  age nt and t he  
advantageous  rap id i ty o f  ki net ic  p rocesses between  metal  i o ns  i n  
aqueous so lut ion and the reagent i mmobi l ized i n  the foam membranes i n  
batch , co l umn  and pu lsated co l umn  modes (E I -Shahawi and  AI -Mehrezi , 
1 995 ) .  
Po lyu rethane foam loaded w i t h  1 ,2 -ethaned i th io l  have been  used 
fo r  t h e  separat i on  and p reco ncentrat i on  o f  ant i mony ( I I I )  f rom natu ral 
wate r  (Va le nte and Bowe n ,  1 977 ) .  The co l lect i on  of cobal t ( I I ) f rom 
aqueous so lu t ions  on  p last ic ized 1 - n i t rose-2-naphtho l  foam have been 
reported by Braun and Farag,  1 975. On the other  hand ,  benzoylacetone­
l oaded po l yu ret hane  foam h as been u sed for  the ext ract i o n  and 
separat i o n  o f  coppe r( I I )  and cadm i u m ( I 1 )  ( B raun  & Farag , 1 975) .  
P l ast i c i zed  and  u n p last ic ized d i methy l g l yox i m e  foams h ave  been 
emp loyed for  t he  p reconcentration  and separat ion o f  n ickel (JI ) (Farag et  
a/., 1 982) .  Also , t r ibuty l -n -phosphate p last ic ized benz i ld iox ime and 1 , 2-
cycl o hexaned i one  foams have  been  ut i l i zed for the ext ract i on  and 
separat i on  of n icke l (Lee and Ha l man n ,  1 976 and Ha lmann  and Lee , 
1 980) . 
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P l ast ic ized and u n pl ast i ci zed  1 - (2 - pyr idy lazo ) -2 -napht h o l  (PAN)  
po l yu ret h a n e  foams  h ave been  p repared and eva l u ated fo r  t h e  
separat ion  and ext ract i on  o f  cobal t ( I I ) ,  i ron ( I I I ) ,  M n ( I I ) ,  z i nk ( I I ) ,  Hg ( I I ) ,  
C u ( I I ) ,  Au ( I I I ) ,  i nd i u m ( l I l} and  C d ( I I ) .  The  resu l ts showed bette r  
perfo rmance fo r the p last icized reagent foam than  the  u np last ici zed one 
(Maloney et  al., 1 977 ; Braun and Farag,  1 978 ; and 1 980 ; S ri kameswaran 
and Gesser  1 978 and 1 980 ; B rau n et al. , 1 98 1  and Braun  and Abbas, 
1 982) .  
I nvest igat i o ns  were made on  so rpt i o n  o f  a l ka l i  m eta ls  i n  t h e  
p resence of  d icycl ohexy l  1 8-crown-5 (Khan e t  al., 1 98 1 ) .  E ff ic ie ncy o f  
metal i o n s  was i ncreased b y  i ncreas ing  o f  picric acid a n d  crown ethe rs 
conce ntrat i ons.  Furhe r  studies have been carr ied out  to i nvestigate t he  
sorpt ion  of s i lver( I ) ,  t hal l i um ( I}, bari u m ( I I ) ,  and  lead ( l l )  i ons f ro m  so lut ions 
contai n i ng picric acid (Khan et aI. , 1 983) .  
A t h io -subst i tuted po lyurethane foam (T- P U F) was deve loped for 
use as a se l ect ive sorbent for i no rgan ic mercury from comp lex  mat rices 
in i ndust ria l  effl uents (Palagyi and Braun ,  1 992) .  The sorpt ion capacity of 
T-P U F  packed co l u mns was superi o r  to  ot he r  sorbent med ia  and the  
effici ent ly of the foam was h i gh  a t  1 0- 1 00 ppm levels of Hg from 5- 1 0  dm3 
of  e ff l uent vo l u mes .  The foam mate r ia l  d ispl ayed exce l l e nt ab i l i ty  to  
p reco ncen t rate and recove r  m e rcu ry ions even  at  low leve ls  f ro m  
i ndustr ia l  eff l uents and b ri ne  m ud generated by t h e  ch lo roa lkal i  i ndust ry 
(Pa lagyi and Brau n ,  1 992) .  
Recent ly ,  CaNal ho ,  et. al. , 1 995,  reported the analyt ical appl icat ion  
o f  po lyu rethane foam in  t he  d i rect dete rmi nat i on  o f  gal l i u m  by X- ray 
f l uorescence . Gal l i um  is determined at leve ls as low as 50 ngml-1 with a 
cal i b rat i o n  se ns i t i v i t y  o f  424  cps .  m l/Ilg w i t h i n  a l i n ea r  range  o f  
0 . 1 - 2 . 3  Ilg m l - 1 . The p rocedu res were successfu l l y  app l i ed fo r t he  
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anal ys is  of gal l i um  i n  a l u m i n i u m  al l oys ,  baux i te and i ndustri a l  res idue 
samples (Carval ho ,  et. al. , 1 995) . 
The sorpt ion  of yttri u m  compl exes wi th 8- hydroxyqu i no l i ne  and its 
d i hal ide  de rivat ives and  8 -hyd roxyqu i no l i ne  su l phate by po l yu rethane 
foam was cri t ical l y  s tud ied by l u m i nescence and i . r . spect roscop ic  
t e c h n i q u es ( Be l t y u ko v a ,  et  al . , 1 99 5 ) .  The  s pect ro ph o t o m et r i c  
dete rm i n at i o n  o f  copper  and  s i l ve r  as d i t h i zo nate co m p l e xes o n  
polyu rethane foam have been reported by Kundu and Roy,  1 992.  Beer's 
l aw was obeyed over the conce ntrat ion  range 0 . 05-2 . 5  I1-g Culml at 550 
nm and 0 . 0 1 -6 .0  I1-g Ag/ml at 500 nm ( Kundu and Roy, 1 992) .  
The batch extracti on  o f  cobalt ( l I )  f rom aqueous sol ut ions with open­
ce l l  po l yet he r  HIT  A- loaded po l yu  ret hane  foams has been cr i t ica l l y  
i nvest igated (Saeed e t  al. , 1 994) . The  k inet ic parameters o f  adso rpt i on  
support a che m isorpti on  mechan ism and a f i rs t -orde r  rate l aw .  The 
t h e rm o d y n a m i c  fu nct i o ns o f  ads o rpt i o n  �Ho , �So ,  �Go and  t h e  
equ i l i b ri u m  constant Kc have been calcu lated (Saeed , e t  al. , 1 994) .  E I ­
N e m ma and  Farag ,  1 994 re p o rted the  app l i cat i o n  o f  po lye th e r  
po lyu rethane foam loaded wi th  t r i -n -butylphosphate- 1 - (2-pyridy lazo ) -2-
napht ho l (PAN)  in the p reconce ntrat ion ,  separat ion and determ inati on  of 
n icke l ( l I )  and b ismut h ( I I I ) .  The detect i on  l i m i ts of n ickel and bismuth by 
t h e  foam batch method are 0 . 05 and 0 . 5  p p m ,  respect i ve ly .  The  
feasi b i l i ty  o f  usi ng  PAN-foam fo r  t he  semiquant i tat ive dete rm i n at ion  o f  
n ickel ( l I ) and  b ismut h ( l I l )  i on  aqueous t h iocyanate media is also repo rted 
by batch and col umn  modes of extract ion (E I -Nemma and Farag,  1 994) .  
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1 . 3. 2 .  Re age nt Foam s i n  Quali tat i ve and Se mi quant i tat i ve 
Analys i s :  
T h e  app l icat i on  o f  po lyu rethane foam l oaded wi th  wate r- i nso lub le  
reage nts wh ich y ie ld co l o u red react i on  p roducts ,  seems to  be ve ry 
att ract ive fo r ra i s i ng  t he  sens i t iv i ty o f  spot tests. Foams l oaded wi th  
sev e ra l  c h ro m og e n ic o rgan i c  reag en ts (ch rom ofoams)  h ave  been 
employed for  the detect ion and semiquant itat ive determi nat ion  o f  some 
cat ions a nd an ions in  aqueous so lu t ions .  The qual i tat ive test is  usua l ly  
done e i ther  by shaki ng one cube of the appropriate chromofoam with 1 to 
3 cm3 of the aqueous metal  ion so lu t ion  for 1 to  2 m i n  in a normal test 
tube or the chromofoam can be packed in col u mns produci ng foam beds 
su i tab le for t he  detect i on  o f  very low concentrat i ons of metal i o ns by 
percol at ing  the i r  aqueous so l ut ion t h rough  the foam co l umns .  
The se lect iv i ty o f  t he  ch romofoam test fo r t he  detect ion  o f  1 ).1g 
cobalt ( l I ) i n  t he  presence of u p  to 1 0  mg of more than 40 e l ements was 
found to be poss ib le (B raun  and Farag,  1 974) . Co l umns homogeneous ly 
packed with ch ro mofoam were used for the detection  and semiquantitt ive 
dete rm i n at i on  i n  ppb l eve l  concent rat i ons .  The  feasi b i l i ty  o f  us i ng  
p las t i c i zed  and  u n p l as t i c i zed  1 - ( 2 -py r i dy l azo - 2 - n a p ht h o l )  ( P A N )  
p o l yu ret h a n e  foams i n  batch a n d  c o l u m n  o p e rat i o ns h a s  been  
demonst rated fo r t h e  detectio n  o f  l ow concentrati on  o f  meta l  i ons  i n  
aqueous  med ia .  T h e  pe rfo rmance o f  p last ic ized reagent foams was 
fou nd to be better  than the unpl ast icized one .  
Po lyurethane foams l oaded w i t h  o ther  ch ro mogen ic  reagents have 
a lso bee n p repared and eva luated for some sel ected separat ions  (AI­
Bazi and Chow 1 98 1 , 1 982 ,  1 983 , 1 984 and Abbas et al. , 1 982) .  The 
resul ts obtai ned were h ig h ly  imp ressive and supp lemented the idea that 
foam acts as a po lymeric  extractant for d i ffe re nt i n o rgan ic  species i n  
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aqueous med ia .  The qual i tat ive and sem iquan itat ive dete rmi natio n  o f  
z i nc( I I ) ,  l ead ( I I ) ,  copper( I I ) ,  cobal t ( I I ) ,  ch rom iu m(V I ) ,  n icke l ( I I ) ,  i ron ( l I l ). 
cadm ium ( I I ) ,  mercu ry( I I ) ,  t i n ( I I ) ,  b ismuth ( I I I ) ,  s i lver( I ) ,  mo lybdenu m(V I )  and 
pal iad i um ( l I )  have been carried out us ing  several l oaded foams. (Braun 
and Farag 1 974 ; Farag et aI., 1 9 8 1 , 1 982 ,  1 986 ,  1 987 ,  1 989 and 
Sr ikameswaran and Gesser, 1 978, 1 980) .  
Braun and Pa lagyi ,  1 979 have app l ied the pu l sat i ng  co l u m n  mode 
of  separat i o n  depe n d i n g  on t h e  res i l i e n t  p rope rty o f  t h e  o pen -ce l l  
po lyurethane foams for t he  detect ion and semiquantitat ive determi nation  
o f  113 1 and Hg203 . I n  t h is type of  ana lys is t he  colo u r  compar ison was 
m ade  depend ing on constant n umber  o f  pu lses i n  a f ixed vo l ume  of 
so lu t ion .  Th is  method was also app l ied to detect i ron  ( I I I )  wi th p last icized 
am ine  foam in aqueous th iocyanate media (Farag et al., 1 982) .  
1 . 3. 3. Rete nti on and Separati on Beh avi our of Organi c Spec ies  
wi th Loade d and Unloade d Polyure th ane Foam s:  
The ext ract i on  of seve ral a ro mat ic ac ids and  p h eno l s  i nc l ud i ng  
sal icyc l ic acid ,  8 -hyd roxyqu i no l i ne ,  1 -ami no-2-naphtho l -4-su lphon ic  acid 
and c i nnam ic  acid in t he  p resence of var ious p roto nated a lky lam i nes ,  
a m m o n i a  and a l ka l i m eta l  cat i o n s  f rom aqu e o u s  s o l u t i o n  by 
po lyu rethane foam have been i nvest igated (Fong  and Chow, 1 992) . 
The reten t i o n  and separat i on  behav i o u r  o f  some water so l u bl e  
pest icides were determ ined on  po lyu rethane foam col u m ns (Farag and 
E I-Shahawi , 1 99 1 ) .  These compou nds were extracted in  t he  neutral  form 
by a so lven t  ex t ract i o n  mech a n i s m .  The  co mp lete separat i on  and 
quant itat ive recovery of these compounds from the foam wi th  acetone i n  
a S o x h le t  ex t ractor  were ach i eved .  The  method can  be used to  
p reconcent rate i nsect ic ides in  tap water  and mod i f ied to  dete rm i ne  
[ 16] 
d isso lved i nsectic ides i n  i ndustr ia l  and natu ral waters .  Po lyu rethane 
foam has g ood capacity compared to othe r  known so l id sorbents for use 
when la rge  vol ume  samples need to be handled.  
The concentrat i o n  behav io u r  o f  Tenax® GC, po lyu rethane foam , 
Ambe rl i te® XAO-2 and Amberl i te® XAO-4 a lone o r  i n  combi nat ion  has 
been studied ( Neri n ef a/. , 1 993 ) .  Standard atmosph e res  conta i n i ng  
d i f f e re n t  c o n ce n t rat i o n  l ev e l s  o f  h e x ac h l o rocyc l o h e x a n e  and  
ch l o robenzene  iso me rs we re g e n e rated and t rapped i n  abso rbe nt 
cartridges .  The most eff icient system for t rapp ing  the test  gases is  the 
use of  two cartridges connected i n  ser ies ,  o ne contai n i ng pol yu rethane 
foam and the  second contai n i ng  Tenaz GC.  Recove ry val ues rang i ng 
f ro m  72% for  1 , 3-d ich l o robenzene to  98% for hexach l o rocyc lo -hexane 
were o btai ned . 
The sorpt i on  o f  f i fty- n i ne o rgan ic  dyes ,  i ndicato rs and  stai ns  by 
po lyeste r and po lyether foams was i nvest i gated by use of  aqueous  
s o l u t i o n s  and  p owde red f oam ma te r i a l  ( C h ow ef  a/. , 1 99 0 ) .  
Composit ions were made wi th sorpt io n from 50% methano l  so lu t ions for 
some dyes and a lso wi th d iethyl ethe r  o r  ethy l  acetate for  several dyes. 
TLC p lates i n  water  o r  a m ixed so lvent mob i le  phase were compared to 
t he  d istri but ion coeffic ients with foam. 
The appl icat ion  of po lyu rethane foams u nt reated and t reated wi th 
TBP i n  the preconce ntration  of some pheno ls from water  v ia stat ic and 
f low experi m e nts was carri ed ou t  ( E I -Shahawi ef a/. , 1 994) . Batch 
experiments with the TBP- Ioaded foams showed a good affi n i ty towards 
extract ion of t he  tested compounds as compared to the u ntreated foams. 
The use of the un l oaded and TBP- Ioaded foams was also employed i n  
co l u m n  modes for t he  p reco ncent rat i on  o f  t he  tested phe no ls .  The 
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extract ion  eff ici ency and the recove ry o f  t he  compo u nds f rom t he  foam 
materia l  by the col u m n  reached up  to 1 00%. Sorpt ion  of the compounds 
by the foam fo l lowed the solvent extract ion mechan ism.  
The re te n t i o n  e ff i c i e ncy of  u n l o aded  and p o l yes te r- based 
po lyu rethane foams l oaded wi th  t r i -n-octylam ine  (TOA) in  the removal of 
some pheno l s  f ro m  wate r  were carr ied out  ( E I -Shahawi , 1 994 ) .  The 
recovery o f  the tested compou nds f ro m  the foam col u m n  was al most 
com plete  (98.5%) . Sorpt ion of the compou nds by the foam were b rought  
by so lvent extract ion mechan ism.  The molecu lar  we ight  and the pKa of 
the compou nds p layed an i mportant ro le  in the ext ract ion  process. The 
removal of an acceptab le co ncnetrat ion ,  can be perfo rmed by extract ion 
with po l yurethane foam us ing a batch techn ique .  Several i nvest igat ions 
have bee n publ is hed descri b ing the appl icat ion o f  foam as a co l l ector  for 
separat i ng and concentrat i ng  vari ous  pest ic ides ,  acaric ides ,  p heno ls ,  
and o the r  o rgan ic substances (E I -Shahawi and A ldhaheri ,  1 995) . 
1 .4.  Mi sce l l a n e o u s  Appl icat i o n s  of Po lyu ret h a n e  Fo ams : 
1 . 4 . 1 . Appl i cat ion  o f  Po lyu ret h a n e  Foams i n  B i odegrad a bl e  
a n d  B i oretent ive  i n  B i o l ogi ca l  Wastes :  
The  perfo rmance o f  a porous  b iomass carri e r  sequenc ing  batch 
reacto r (PBCSBR)  was eval uated for e ff ic ie nc ies o f  o rgan ic  rem ova l ,  
n it rogen  t ransformat i o n ,  and  phospho rous  re mova l  ( S h i n  and  Park ,  
1 99 1 ) . Two reacto rs we re used ,  one  wi th po lyu rethane foam pads of  
1 5% reactor  vol ume and the o ther  wit hout .  The pe rformance of the two 
systems was compared for o rgan ic carbon ,  N and P. Resu l ts i nd icated 
t h at t h e  P B C S B R  i nc reased v o l u m et r ic  l oad i n g  capaci ty w i t hou t  
dete ri o rat i ng  t he  e ff l uen t  qua l ity co mpared to  sequ ence batch reactor  
(SBR) .  The PBSCBR proved effect ive for nutrient removal , den it ri f icat ion 
and o rgan ic C removal . 
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The  effect o f  var ious  concentrat ions  o f  t he  aq uat ic he rb ic ides ,  
d iquat ,  on  freshwate r  micro bes raised on  a substrate of po lyu rethane 
foam were stud ied ( Me lendez et a/. , 1 993) . Dens i t ies  of a lga l  ce l ls  
i n c reased at  a l l  concent rat i ons  tested afte r  a temporary decl i ne in  
p roduct ivi ty.  Bacteria l  density i ncreased one week after dosage ,  but  was 
35% less than contro ls after  t h ree weeks. The response was not re l ated 
to dose .  A rotat i ng  b io log ical contacto r ( RBC) cou p led to po lyurethane 
foam ( P U F) as a po ro u s  b i omass suppo rt was eva l uated for t h e  
b io log ical t reatment o f  so i l  refi ne ry eff l uents . Ammon ia-n i trogen ,  pheno l ,  
hydrocarbon ,  and suspe nded so l ids b iodeg radat ion  (Tyag i et a/. , 1 992) .  
The RBC-P U F  bio reacto r  gave a better performance than a convent ional 
RBC for the b iodegradat ion of these parameters .  A h i ghe r  concentrat ion 
of act ive b iomass was observed i n  t he  RBC-PUF  system than wi th  othe r  
t reatment systems ,  and  COD re moval  eff ic i enc ies of u p  to  87% we re 
ach ieved .  
1 .4 .2 .  Po lyu ret h a n e  Fo am Pa cked C o lu m n  Red o x  React i o n s :  
Braun  a n d  Farag ( 1 978)  have descr ibed t he  i m mob i l izat i on  o f  
tetrach lo rohyd roqu i none  on  po lyu rethane foam and app l i ed th is  reagent 
foam i n  co nvent i onal and pu lsed co l u m n  tech n iques fo r  some redox 
syste ms .  The  effect o f  f l ow rate and temperatu re on  t he  reduct i on  
efficiency of ce ri um  ( IV ) ,  vanad ium (V )  and  i ron  ( I I I )  have been  exam ined .  
Ceri u m ( IV) was comp lete ly  reduced to ceri u m ( I I I ) ,  by  perco lat i ng  ce ric 
su lphate so lu t ion in 1 M su lphu ric acid t h rough  the reagent foam col umn  
a t  reaso n ab le  f l ow  rates (B raun  e t  a/. , 1 985) . The  b reak t h ro u g h  
capacit ies o f  t he  normal a n d  pu lsed foam col umns  f o r  t he  reduct ion  of 
ce r i u m ( I V ) ,  vanad i u m (V)  and  i ro n ( l I l ) we re de te rm i n ed at roo m  
temperatu re and at 80 °C (Moody and Thomas,  1 982 and Braun et a/. ,  
1 985) .  
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1 . 4 . 3 .  I s otope an d Redox-Ex c h an ge Separ at i on s  with  
Polyureth ane Foam s:  
The isotope exchange separat ions can be  c lassif ied i n  t he  fo l lowi ng 
ma i n categ o ri e s :  ( i )  isotope exchange  betwee n p e rf o rm ed so l i ds  
(p rec ip itate) and  aqueous phase,  ( i i )  i sotope exchange between a metal 
ama lgam a nd metal  i ons  in aqueous so l u t ions ,  ( i i i )  isotope exchange 
betwee n  m eta l l i c  m e rcu ry and  i o n ic m e rcury i n  aqueous so l ut i o n ,  
( iv )  isotope exchange between  a wate r- i m m isc ib le o rgan ic solvent and 
aqueous  so lu t ion  and (v)  isotope exchange betwee n  an i m mob i l ized 
reage nt and aqueous so lut i on .  Po lyurethane foams i m mob i l i z i ng  f i ne l y  
d iv ided p reci p itates o r  hydrophobic o rgan ic  reage nts (B raun  and  Farag , 
1 974,  1 975 and 1 978) have been  successfu l l y  used fo r many isotope 
and redox -exchange  sepa rat i o ns  us i ng  batc h ,  n o rm al co l u m n  and  
pu l sed col u m n  operat ions .  
1 .4 . 4 .  Polyuret h ane Foams for Trappi ng V ol at i l e  C om bus t i on 
Produc ts i n  Organ i c  Mi croan alys i s :  
Goodson a n d  J acobs i n  1 973 a n d  1 974 des ig ned an auto mat ic  
system  fo r  m o n i to ri ng wate r  supp l i es fo r  o rganophosph ates .  The 
s e ns i t i v i t y  o f  t h e  " C o n t i n u o u s  Aqu e o u s  M o n i t o r  Syst e m "  w i t h  
cho l i nesterase t reated po lyurethane foam pads fo r a variety of pest icides 
h ave  been  exam i n ed (Goodson and J aco bs ,  1 974) . Ret icu l ated 
po l yes te r  po lyu ret hane  foams p roved to  be a su i tab le  mat r i x  fo r  
i m m u n oadso rpt ion  of ce l ls  w i thou t  appreciab le  mechan ical ent rapment 
(B raun  et al. , 1 985) .  
The app l icat i on  of po lyu rethane foam fo r  t rappi  ng some vo lat i l e  
combust i o n  p roducts i n  o rgan ic m icroanalys is  h ave been exami ned 
(Farag et  al. , 1 980 and 1 98 1 ) .  The u nt reated po lyet he r  po lyu rethane 
foam was fou nd to  retai n quant i tat ive ly  i od i ne  p roduced d u ri ng t he  
combusti o n  o f  iodoorgan ic compou nds by  var i ous  packed and e mpty 
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t u be combust i on  m et hods ( Fa rag et al. , 1 98 1 ) .  Mercu ry vapo u rs 
p roduced d u ri ng  t he  decomposi t ion  o f  o rganomercury compounds with 
vari ous  d ry combust i on  met h ods  were retai ned on a f i l te r  bed of  
po lyurethane foam ( Farag et al. , 1 98 1 ) .  C h lori ne  and brom ine  p roduced 
from t he  combust ion  o f  ch lo ri nated and brom inated o rgan ic compounds 
were absorbed to some extent on  u nt reated polyu rethane foam ( Farag et 
a l. ,  1 98 0 ) .  The  u nt re ated foams were a l so  e mp loyed f o r  t h e  
s imu ltaneous m icrodete rm i nat i on  o f  carbon ,  hyd rogen  and ch lo ri n e  o r  
brom ine (or  iodi ne )  ( Farag et al. , 1 98 1 ) . 
1 . 5. Ai m of the  Present Wo rk: 
Heavy meta ls  and  pest ic ides represen t  a c lass  o f  man -made 
env i ron mental po l l utants wh ich  a lso occu r natu ral l y  i n  the env i ron ment .  
The  p rese nce of  t h ese  po l l u tants i n  the i ndust ri al and ag r icu l t u ra l  
wastewate rs o ften  rep resents a r isk  to  t he  e nv i ro n ment and causes 
seve re heal t h p rob lems to  an i mals and hu man bei ngs .  Mercu ry and i ts 
compou nds especia l l y  methymercu ry are ext re me l y  tox ic  for  humans .  
The refore, t he  detect ion  and removal (o r  reduction )  o f  t hese species to  
an acceptable concentrat ion  i n  the pol l uted effl uents and waste streams 
sample becomes of g reat i nte rest from severa l  stand po i nts e .g .  tox icity, 
t he i r pers i stence and t he  c lose relatio n  betwee n  the chemical fo rm i n  
wh ich  these compounds appear  i . e .  t he i r speciat i on  and the i r eco log ical 
i mpact . 
Ce l l u la r  p l ast ics a re characte ri zed by t h e i r  l ow dens i ty ,  l a rge  
avai lab le  s u rface area, res i l i e nt cha racter ,  re lat i ve ly  l ow cost ,  good 
h ydrodynam ic  and  m e m b ra n e  l i ke s t ruct u r e .  T h u s ,  t h e  p resen t  
i nvest i gat i on  a i ms to deve lop  a s imp le ,  re l i ab le  method  fo r sensi t ive 
detect i on  and  sem iquant i tat ive dete rmi nat i on  o f  vari ous  me rc u ry ( I I ) ,  
l e ad ( l l )  l ev e l s  i n  wat e r  u s i n g  po l y u ret h a n e  f oam loaded w i t h  
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se lect ive ch ro mophoric age nts e . g .  d i th izone or  1 , 5-d i (2-f l uo ropheny l ) -3-
me rcaptoformaz a n ,  us i ng  both t he  stat ic  (batch )  and t he  dynam ic  
(co l u m n )  tech n iques .  The  effect o f  d i ffe re nt i nte rfe ri n g  e l em ents 
i nt roduced as o rgan ic or  i n o rgan ic species on the detect i on  o f  l ow 
concentrat i ons o f  l ead ( l l )  and mercu ry ( l I )  du ri ng t h i s  i nvest igat ion is  
exam ined .  
S im i l ar ly ,  t he  app l icat ion  o f  un l oaded po lyu rethane foam fo r  t he  
qua nt i tat iv e  ex t racti o n ,  separat i o n  and  recove ry o f  t h ree  d i f fe re nt 
ch l o ri nated i nsect icides, namely Malath i on ,  D iazi non  and Du rsban,  from 
aqueous media (tap and d ist i l ed wate r) i s  carri ed out .  The mechan ism of 
reten t io n  o f  t h e  tested po l l u tants fro m  aqueous  med ia on u n l oaded 
po lyurethane foams is cons idered.  
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CH A PTE R 2 
S E N S I TI V E  D ET E C T I O N  A N D  S E M I Q U A NT I TAT I V E  
D ET E R MI N ATI O N  O F  M E R C U R Y ( I I )  A N D  L E A D ( I I )  I N  A Q U E O U S  
M E D I A  U S I N G PO LY U R ET H A N E  F O A M S  I M MO B I L I Z E D  1 , 5 - 0 1 (2-
F L U O R O P H E N Y L ) - 3 - M E R C A PTO F O R M AZ A N  
2 . 1 . I NT R O D U CT I O N  
Lead and mercu ry a re widespread non-essent ia l  meta ls t hat are 
h i gh l y  tox ic to humans and ani mals (Jaffar et al., 1 988) .  The tox icity of 
l ead is  mainly due to its ro le  in damaging the peripheral nervous system 
and in  d i stu rbing hae m  synt hes is ( De S i lva and Wi l l iams ,  1 979) .  The 
tox ici ty o f  mercu ry is attr ibuted to i ts  harmful effect on the central nervous 
system as wel l  as fo r caus ing neuropschiatric disorde rs (De Si lva and 
Wi l l i ams ,  1 979) .  Lead and i ts com po unds h ave an important ro l e  in 
many industr ies where smal l  amounts of i t  are ingested and/o r inha led 
regu la rly  wi th food and d rink ( Me rian, 1 99 1 ) .  Mercu ry i s  an e lement 
sparse ly d ist r ibuted i n  t he  l i t hosphere and wate r  whe re i ts  ave rage 
concentrations range f rom 0 .08 and 0 .8 ppm in  igneous and sed i mentary 
rocks , respect ive ly .  Natu ral so i ls have been found to  contain mercu ry in 
the range 0 . 0 1 -0 .5  ppm (Meri an,  1 99 1 ) . Owing t o  the tox ic i ty of bot h 
meta ls  and t h e i r  tendency t o  b i oacc u m u l ate ,  rap id ,  sens i t i ve  and 
select ive methods are requ i red for t he i r  detection in the env i ronment .  
In recent years, g rowing attent i on has been paid to t he  tox icity and 
bioaccumu lat ion of l ead.  Th is  e lement enters t he  human body t h rough  
l ung inhal at ion and abso rpt ion into t h e  b lood stream .  The dynam ic 
equ i l i b ri u m  of  l ead ex ists between t issues ,  ex t ravascu la r  s paces  and 
b lood (Me ri an,  1 99 1 ) .  Organic lead compounds are read i l y  absorbed 
t h roug h t he  l ungs o r  skin ( Me rian,  1 99 1 ) .  I t i s  fat-so l ub le  and has 
t he refore a h i g h  tendency to accu mu late in  t he  brain and l i ve r. Acute 
exposu re to h i gh  concentrat ion appears on t he  central nervous system 
and t he  v i ta l  b ra in  centers a re dep ressed and may cause deat h .  
P ro longed exposure t o  l ead i n  low concentration ove r  l ong periods may 
a lso resu l t in tota l  l oss of personal i ty ,  d istu rbance of t hought and loss of 
memory .  
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Mercu ry compounds are read i l y  absorbed t h roug h l ung  and ski n 
(Me rian ,  1 993) .  Much of the mercu ry compounds tend to  accu mu late  i n  
t h e  k id ney  a n d  l iv e r  a n d  ce rta i n  fo rms o f  m e rc u ry i n  t h e  b ra i n .  
Organomercu ry (a l iphat ic o r  aro matic) compounds have g reat tendency 
to  b i oaccu m u l ate t h ro u g h  t h e  food cha ins e . g .  mari ne b io tas can 
concentrate t hese compounds.  Exposure to- o r  bioaccumulat ion of t hese 
com po u nds m ay affect t h e  ne rvous  systems .  Ea rl y  cases deve lop  
headac h e ,  fat i g u e ,  poor  m e m o ry and concen t rat i o n .  C h ro n i c  
accumu lat ion o f  t hese compo unds causes atax ia ,  dysarth ia ,  v isual and 
aude to ry d i st u rbances ,  p a rast h e s i a  a n d  g ross  d et e ri o rat i o n  o f  
personal ity and i nte l lect ( Lewis ,  1 990) . 
Several met h ods  are known fo r t h e  a na lys i s  o f  mercu ry( I l )  and 
l e ad ( I I )  and i nvo lve chromatog raph ic  methods  i nte rfaced wit h ato mic 
a bs o  rpt i o n  s pect ro m e t ry ,  a n o d i c  st r i p p i  n g  v o l t a m  m e t ry ,  rap i d  
che l at o m et ri c  d ete rm i nat i o n ,  ato m ic abso rpt i o n  s pect ro met ry w i t h  
h yd r i d e  g e n e rat i o n ,  l i q u i d - l i q u i d  e x t ract i o n  s pe ct ro p h ot o me t ry ,  
e l ectrot h e rma l  a to m i c  absorpt i o n  spect ro m e t ry a ft e r  l iq u id - l i q u i d  
preconcent rat io n a n d  ion -pai r fo rmat ion  with cat ion ic  dyes (Murty  e t  al. , 
1 993 and Padmaja et a/. , 1 994) .  
1 , 5-d i - ( pheny l ) -3 -mercaptofo rmazan (d i th i zone)  reacts wi th many 
metal  i o ns t o  form h igh ly  co lou red comp lexes  wh ich  a re i nso l ub le  i n  
water  but can b e  extracted i nto  o rgan ic  so lvents ( Marczenko ,  1 986) .  
Al though  t h i s  reagent  i s  a sens it ive ana lyt ical  reagent  for  many metal  
i ons ,  i t  i s  not  se lect ive in neu t ral  or a l kal i ne  med ia .  However ,  i ts 
sel ect iv ity is genera l ly  i ncreased by contro l l i ng  the pH val ues,  by addi ng  
su i tab l e co m plex  fo rm i ng age nts (maski ng  age nts)  t o  t h e  aqueous  
so lu t ion  and/o r by i nt roduci ng  var ious subst i tue nts i n  i ts phe nyl  ri ngs  
(Kiwan et  al. , 1 995) .  
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Ring oven and spot test ana lys is  are p resent ly  t he  meth ods  of  
h i g hest  potent ia l  va l u e  fo r  rap id  and sens i t ive detect ion of  a la rge 
number of anions and cations (Weizz ,  1 970) . In the ring oven technique,  
t he  substances to be detected o r  determined are concent rated in  sharp, 
wel l  def ined zones . This is  carri ed out  by p lac ing a d rop of the test 
so l ut ion (as l it t le as 1 m rn3) on a round f i l ter  pape r which is  p laced on the 
ring-oven and t h e  components a re washed into t h e  r ing zone wi th a 
su i table so lvent . 
Resin-spot tests can be cons idered as special kind of spot react ion 
in  wh ich  t races of  i ons to  be detected a re concentrated f i rst on t he  
ex te rnal su rfaces o f  f ew  i on-e xchange bands (We izz ,  1 9 70) .  The  
adso rbed ions are t hen a l l owed to  react w i t h  t he  approp ri ate  reagents , 
unde r  su i tab le experi menta l  condi t i ons ,  to  p roduce co l ou red p roducts 
w h ich  can be observed in  t he  sma l l  space of t he  res in s u rface . The 
resin-spot test was proved to  be 50- 1 00 t imes as sensit ive as the usual 
spot test ,  due  to  t he  concentrat ion of t h e  i ons to  be detected on the  
s u rface of  t he  i on-exchange resin g ra ins wh ich  i s  h i g h e r  t han in  t he  
o rig inal d rop of  t he  test so l ut ion (Fe ig l  and Anger  1 972 and Weisz, 1 970) . 
Open ce l l  po lyu ret hane foams i m mobi l i z ing speci f ic c h ro mogenic 
o rganic reagents (ch romofoams) have been successfu l l y  e m ployed fo r  
the  sensi t ive detect ion and semiquant i tat ive determ inat ion of  several 
metals (B raun and Farag , 1 975) .  Po lyu rethane foam loaded with water­
insol ub le  reagents , wh ich  y ie ld  co lo u red react ion p roducts w i th  metal 
i ons were found to be very att ract ive for rais ing the sens it iv ity of spot tests 
(B raun and Farag, 1 975) .  These tests proved to be more sensit ive than 
no rmal s pot  test on spot p late ,  pape r imp regnated wit h t he  su i tab le 
reagent ,  and resin-spot test (Farag ef al. , 1 98 1 , 1 982) . Th is  technique 
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requ i res load i ng  t he  foam with chromogen ic reagents "chromofoams".  
Th i s  cou ld  be done  e i t he r  by s haki ng  a s i ng l e  foam cube with an 
aqueous so lu t ion of the test metal ion in so lut ion for 2 min in a no rmal 
test tube,  or by packi ng the ch romofoam in col u mns  and pe rcolate t he  
metal ion  so lut ion t h rough  them (Braun and Farag ,  1 974) .  
Po lyu re thane foam loaded wi th biscetylm onox ime ,  d i t h i zone  and 
lead d i et hy l d i t h i ocarbam ate ,  have been  used for t h e  detect i o n  o f  
cobalt ( I I ) ,  c h rom i um (V I ) ,  and n ickel ( l I )  i n  aqueous so lut io n ,  respect ive ly  
(B raun  et al. , 1 985) .  Fu rt hermore ,  sem iquant i tat ive dete rm i nat i on  of  
these metal ions were successfu l ly  carried out in  both stat ic and dynamic 
expe ri m e nts .  Po lyu rethane foam loaded wi th  many o rgan ic  reagents 
have been app l ied for  t he  detect i on  and semiquant i tat ive of lead ( l l )  i n  
u ri ne ,  copper( l I )  i n  river  water, cadm ium ( I I ) ,  b ismuth ( I I I ) , mo lybdenum(V I ) ,  
z inc( l l ) and mercu ry ( l I ) i n  aqueous media ( Farag et  al. , 1 986,  1 987,  1 989,  
1 990 and 1 992) .  The detect i on  l i m i t  o f  t h ese  m etal  i o ns were m uch  
bette r  compared w i t h  the usual spot test method (Fe ig l  and Anger, 1 972) .  
1 , 5 - d i - ( 2 - f l u o ro p h e n y l ) - 3 - m e rc a p t o f o r m a z a n  ( F2H 2 D z ) was 
deve l oped by Kiwan and cowo rkers ( 1 977) as sensi t ive reagent fo r t he  
i dent i f i cat i o n  and  e st i mat i o n  o f  a n u mbe r  o f  h eavy meta l  cat i o ns  
i nc lud i ng Pb( l l ) and  Hg ( I I ) .  To  the  knowledge o f  t he  candidate no t ria l  
has yet  been made to i mmobi l ize po lyurethane foam with th is reagent .  I f  
successfu l ,  the  detect ion l im i ts of t hese env i ronment  - un frie nd l y  agents 
can be extended to m uch  lower  l im its . The work i nc luded in th is chapter 
i nvest igates the detect ion  and semiquant itat ive determi nat io n  o f  the two 
i o n s  o n  po l y u re thane  foam l oaded  w i t h  1 , 5 -d i - ( 2 - f l u o ro p h e ny l ) - 3 -
mercaptoformazan i n  aqueous so lut i on ,  usi ng  t he  batch and dynamic 
techn iques.  The resu lts obtai ned are compared with t hose recorded wi th  
t he  u n loaded polyu rethane foam u nder  s im i l ar condi t io ns .  
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2 . 2 .  EX PER I MENTAL 
2 . 2 . 1 . R e age n t s  a n d  M a t e r i a l s :  
Al l c hem ica ls used were o f  ana lyt ical reagents g rade ,  e xcept 
o therwise specif i ed .  BOH d i th izone and tr i -n-butylphosphate (TBP) were 
u s e d  w i t h o u t f u rt h e r  p u r i f i cat i o n .  O p e n  ce l l  p o l yet h e r  based 
po l y u re t h a n e  foam was s u p p l i e d  by K . G .  Scha u m  (S to f fwe rk ,  
Kremsmu nster, Aust ria ) .  Foam cubes of  approxi mate ly 1 cm3 were cut 
fro m  pol yurethane foam sheet. The bul k density of the foam materi al was 
30 kg m-3. The foam materi al (cubes of ca. 5 mm edge) was washed with 
1 M hyd roch lo ri c  acid  fo l lowed by d ist i l l ed water  unt i l  the wash i ngs were 
free fro m ch lo ride i on .  The foam materia l  was t hen  washed with acetone 
and d ri ed at 80 °C .  Stock so l u t i ons  conta i n i ng 1 . 00  m g .  cm-3 o f  
m e rcu ry ( l I )  and lead ( l l )  we re p repared by d isso lv i ng t he  appropri ate 
amounts o f  mercury ( l I )  ch l o ride and lead ( l l )  n i t rate in de io n ized water  
s l i ght l y  acid i f ied wi th n i t ric  acid .  The metal content o f  the two so lut ions  
was dete rmi ned t h rough  E OTA t i t rat ion .  Series o f  standard mercu ry and 
l ead so lu t ions were p repared by d i l ut i on  with water  acid i fi ed wi th a few 
d ro ps of  1 M n i t ric  acid so l ut i o n .  Fo r  t he  pu rpose of  study i ng  t he  
i n fl u e nce of  vari ous  cat i o ns and  an i ons  o n  t h e  detect i o n  o f  1 ).1g  
m e rcu ry ( l I )  o r  l ead ( I I ) ,  stock so l u t i ons  o f  vari ous  meta l  i o n s  were 
pre pared f rom the i r  n i t rates . Stock so lut ions of an ions were prepared 
from the i r  alkal i or ammon i um salts. 
2 . 2 . 2. Appa r a t u s :  
A Sh imadzu UV-2 1 0 1  PC UV-v is ib le  scan n i ng  spect rophoto meter  
with 1 0  mm quartz  ce l l s  and a Sh imadzu FTI R-8 1 0 1  Fou ri e r  Transfo rm 
I nf ra red Spect rophotometer were used for record i ng  t he  e lect ron ic and 
v i b rat i onal spect ra of t he  reage nts and the i r mercu ry ( l I )  and lead ( l l )  
com plexes ,  respect ive ly .  A n  Or ion pH-meter  (Mode l  94 1 8) w i th  g lass 
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and satu rated ca lome l  e lectrodes was used for t he  pH measu re ment .  
G lass col u mns ( 1 0 m m  1 . 0 .  X 1 50 m m  he ight )  were a lso used i n  dynamic 
modes of ext ract ion .  
2 . 2 . 3 .  Syn t h e s i s  o f  1 ,5-d i(2-f l u o r oph e nyl)-3- m e r c apt o f o r m a z a n :  
1 , 5-d i (2-f l uo rophe ny l ) - me rcaptoformazan ( F2H2Dz) was prepared 
by t h e  n i t ro fo rm azy l  m e t h o d  ( K i wa n  a n d  Kass i m ,  1 97 7 ) .  The  
n i t ro fo rmazan was recrystal ized f rom ethano l  and  conve rted to  1 , 5-di (2-
f luoropheny l ) -3-mercaptofo rmazan and was f ina l l y  pu r i f ied by d isso l ut ion  
i n  ch l oroform , extract i on  wit h d i l ute (2% w/v) sodi u m  hyd rox ide so lu t ion 
and f ina l ly  pour ing the extract i nto 0 .5M su lphuric acid .  The sol id reagent 
was washed with ethano l  u nt i l  i t  become free of acid ,  dr ied ,  d issolved in 
ch lo ro fo rm ,  precip itated with cyclohexane and then d ri ed i n  vacuo (M .P .  
1 20°C ) .  The reagent  and  i ts mercury( I I )  and  l ead ( I I )  co mp lexes we re 
characterized on  the  basis of the i r e l ect ron ic  spectra, and characterist ic  
I R  f requencies .  
2.2 .4 .  R e age nt  Fo a m  P repa r a t i o n : 
The  d i t h i zone  (H2Dz)  and  t h e  reage nt 1 ,5 -d i  (2 -f l u o rophe ny l ) -3 -
mercaptoformazan (F2H2Dz)  so lu t ions were p repared by d issolv i ng  1 0  
mg of each i n  50 cm3 i n  d ich l o romet hane . The F2H2Dz and H2Dz-foam 
was p repared by m ix i ng the d ried foam cubes with F2H2 Dz- and H2 D z  
so lu t ions ( 1 0  cm3 g - 1  d ry foam) ,  respect ive ly with eff icient st i rri ng for  1 0  
m i n . The reagent- loaded foam was then squeezed and d ried as reported 
(B raun and Farag , 1 975 ) .  The  pl ast ic ized F2H2 Dz- and H2 D z- f o a m s  
were p repared by m ix i ng t he  d ried foam cubes with t he  reag ent i n  TBP 
(0 . 1 % w/v ) ,  respect ive ly  wit h eff ici ent  st i rr i ng  fo r  1 5  m in  and dried as 
reported (Braun and Farag , 1 975) . 
[281 
3 .2 .5 .  P repa rat i o n  of Po lyu ret h a n e  F o a m  C o l u m n  f o r  
Dyn a m i c  E xpe r i me nt s : 
Co l u m n  p re pa rat i o n  i s  o f  p ri me  i mpo rtance i n  a l l  t ypes  of  
ch romatog raph ic  separat ion .  Vacuu m  method for foam co l u m n  packi ng 
has been deve loped by Brau n and Farag , 1 975 and was employed in the 
p resent work. In th is  method, one g ram of loaded or un l oaded foam with 
t he  ch ro mogen ic reagent  F2H 2 Dz were packed in t he  co l u m n  app ly ing 
gent le  p ressu re w i th  a g lass rod (F ig .  2 . 1 ) . To avo id ai r bubb les du ri ng 
pack ing step tap ( 1 ) was connected to a suct ion  pump, wh i l e  tap (2) was 
closed for about 5 m ins .  o f  evacuat ion ,  d ist i l l ed water  was a l lowed to f i l l  
t he  col umn  g radual ly  t h rough  the  funne l  (2 ) .  
[29] 
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Fig .  2 . 1 . Polyurethane foam col u mn i n  packi ng step 
[30] 
2.2 .6 .  G e n e ra l  P r o ce d u re s :  
2 . 2 . 6. 1 . Bat c h  Expe r i me nts: 
To exami ne t h e  u ptake o f  me rcu ry ( l l )  and lead ( l I )  on 1 , 5-d i - (2-
f l u o rophe ny l ) -3 -me rcaptofo rmazan- loaded or p last ic ized F2H 2 D z -T B P  
t reated foam, one  reagent- loaded foam cube is  mi xed and shaken with 2-
5 cm3 of  the test solut ion for 2-3 m in .  The co lou r of the colou rless foam 
cu bes changed f ro m  g reen  to o range- red or p i nk  in the presence of  
m e rcu ry ( l I )  and  l e ad ( l I )  res p ect i ve l y .  For  t h e  s e m iq uan t i tat i ve  
dete rmi nat i on  o f  me rcu ry ( l l )  and  lead ( I I ) ,  a foam co l ou r  scal e was 
prepared f rom a series of standard solut ions with d i ffe rent concent rat ions 
of each metal i on  (Hg2+ or  Pb2+)  and the reagent F2 H2Dz l oaded foam.  
The conce ntrat i on  o f  t he  u nknown samp le  so l u t io!") is  dete rm i ned by  
com pari son  the co lour  i ntensi ty of t he  foam with t h is scale .  
2 . 2 . 6. 2 .  C o l u m n  Exper i m e n t s : 
One g ram of  t he  F2H 2Dz- loaded o r  p last ic ized F2H 2Dz-TBP foam 
was packed in a g l ass col umn  by the vacuu m  method.  A standard ser ies 
of the metal ion  (Hg2+ o r  Pb2+)  so lut ions (0. 1 -2 .0  dm3) at the optimum pH 
o f  com p lex format i on  wi th F2H 2 Dz  was pe rco lated t h roug h the  foam 
co l u m n s  at f low rates of 2-3 cm3 m i n - 1  wi th m e rcu ry ( l I ) and l ead ( l I )  
so lu t ions ,  respect ive ly .  T h e  aqueous so lu t ion o f  t h e  unknown sample 
(0. 1 d m3) is t hen  passed t h roug h a reagent foam col u m n  u nder  ide ntical 
experimental cond it io ns. For t he  semiquant i tat ive determinat ion  of Hg2+ 
o r  Pb2+, t he  l engt h of t he  resu lt i ng  colou red zone is  compared wi th t hat 
for t he  standard ser ies. 
[3 1 ] 
2 . 3 .  R E S U LTS A N D  D I S C U S S I O N  
Cons iderab le i nterest is  focused cu rrent ly o n  t h e  ch romofoam test 
due to i ts sensit iv i ty and s imp l ici ty.  Open-cel l  po lyu rethane foam (PUF) 
h ave been success fu l l y  e mp loyed i n  t he  reten t ion  and co l l ectio n  o f  
vari o us  spec ies and  o rgan ic  so lvents  by swe l l i ng ( E I -Sh ahawi  and 
A ld hahe ri ,  1 995 ) .  Foams l oaded w i th  d i t h i zone  and  other  o rgan ic  
reagents (ch romofoams) have been  repo rted for  t he  sensit ive detect ion 
and sem iquanti tative dete rminati on  of some  metal  i ons  employ ing batch 
and co l u m n  ext ract ion  modes (Hamza et al. , 1 990 and Farag and E I ­
Nemma, 1 992 and  E I -Shahawi and  AI -Meh rezi , 1 995) .  
The foam tec hn ique s impl y  al lows the load i ng of the foam materia l  
wi th vari ous o rgan ic reagents d issolved in hyd rophobic o rgan ic so lvents. 
Tri - n -butylphosphate (TBP)  wh ich is  empl oyed in t he  p resent work as a 
stat ionary p hase (non -vo lat i l e  solvent) acts as a p lastic izer  to  t he  foam 
mater ia l  ( Brau n  et al. , 1 985) .  I t  i s  wel l  known that t he  di f fus ion  of ions 
t h rough  the so  cal led  "solvent membrane" is  g enera l l y  e n hanced by t he  
p resence of  p l ast ici ze r  ( E I -Shahawi , 1 994 ) . A lso t h e  app l icat i on  o f  
p l ast ic i z e r  i n  prepari ng  reag en t  foams was fou nd t o  i m p rove t h e  
extract i on  o f  metal ions on  the  reagent foams (Farag et al. , 1 992) .  Thus 
t h e  poss i b i l i t y  o f  u s i n g  p l as i t i c i zed  a n d  u n p l as t ic ized 1 , 5-d i - ( 2 -
f l u o ro p h eny l ) - 3 -me rcaptoformazan f oam fo r sens i t i ve  detect i o n  and 
sem iquant i tat ive dete rmi nat ion of me rcury ( l I )  and  lead ( l I )  i n  aqueous 
med ia i n  ext reme ly  d i l ute aqueous so lu ti o n  has been eval uated in  the 
present work. 
In weak acid ic so l ut ion (pH � 6) the reage nt 1 , 5-d i - (2-f l u oropheny l ) -
3 -mercaptofo rmazan forms an  i nso lub le  o range- red and p ink co lou red 
[32] 
che lates w i th  me rcu ry ( l I ) and lead ( I I ) ,  respective l y .  Both comp lexes 
Hg ( F2H DZ) and Pb(F2H Dz) wh ich are most l i ke ly  tet rahedral (Kiwan and 
Kass im ,  1 977) are formed according  to the fo l lowing equations :  
(2 . 1 ) 
< (2 .2 )  
where M = Hg2+ o r  Pb2+ 
and t he  com plexes formed are read i l y  ext racted by non-po lar  o rgan ic  
solvents wi thout change i n  co lou r  ( Kiwan et  al. , 1 995) .  The structu res o f  
t he  tested che lat ing  agent are g iven i n  Fig . 2 .2 .  
[33) 
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Fig .  2 .2 .  The  struct u re of t he  tested che lating ag ents d i th izone ( I )  and 
1 , 5-d i - (2 -fl uo ropheny l ) -3- mercaptofo rmazan ( I I ) .  
[34] 
Table 2 . 1 summarizes the ir spectra for the regions of i nterest i n  the  
spectra of the so l id  reagents H 2 Dz and F2H2 Dz and their so l id  
comp lexes with mercury ( l I )  and lead ( I I ) .  Representative i r  spect ra are 
shown i n  F igs.  2 .3-2 .5 .  The electronic absorpt ion  spectra of the reage nts 
and the i r  mercury( l I ) and lead( l l )  co m plexes in d ichloromethane and i n  
po lyu rethane foams are also s u m marized i n  Table 2 . 1 and  
representat ive spectra are g iven i n  F igs .  2.6-2 .9 .  The electronic spectra 
of  the reage nts F2H 2 Dz and H2Dz and the i r  co mplexes with mercu ry( I I ) 
and lead( l l )  have we l l  defi ned bands i n  the reg ion  of 448-6 1 5  n m  and  
445-608 n m  (Figs.  2 .6  and  2.8) i n  d ich loro m ethane,  respective ly  and a 
b road shou lder  of low i ntensity. The in t roduct ion  of f luor ine ato ms i nto 
the o rtho posit ions of the phenyl  n ucle i  of d i th izone leads to s ma l l  
bathochro m ic sh i fts i n  both its bands, 448 and 6 1 5  nm vs 445 and 6 0 8  
n m  (Figs.  2 .6  and 2 .8 ) ,  respect ive ly for d it h izone .  The re lat ive mo la r  
abso rptiv i t ies of the  two absorpti on  bands o f  F2H2Dz (Table  2 . 1 )  i n  
d ich loromethane were also affected co mpared to H2Dz where the E 1 max 
decreased to 25.3 x 1 03 and the E 2max increased to 23.7 x 1 03 I mo l - 1 
( Kiwan and Kassi m ,  1 977) .  The positions of "-max and the mo la r  
abso rpt iv i t ies o f  the  Hg (F2HDz)2 and  P b ( F2 H Dz)2 complexes a lso 
u nd e rwent s imi lar  sh i fts (Table 2 . 1 )  by the i nt roduction of  f luori ne  atoms 
co mpa red to H 2 Dz and its comp lexes with mercu ry( l I )  and lead ( l I ) 
com plexes.  These sh i fts do not fo l l ow the general statement that "the 
in t roduct ion  of a rad ical i nto the o rtho posit ions  of the phenyl  ri ngs of 
d i th izone causes p ractical ly no sh i ft or a sh i ft to a shorter wav e l e ngth"  
(K iwan and Kassi m ,  1 977 and Kiwan et al. , 1 995) .  
I n  the  i r  spectra of  the reag ents H2 Dz and F2 H2 Dz and the i r  H g 2+ or  
P b2+ complexes a b road abso rpti on  band at 32 1 0-3340 cm- 1 
( Figs. 2 . 3-2 .5)  was o bserved and ass ig ned to the stretching frequency of 
the st rong ly  hydrogen  bonded NH g roup.  This band is sh i fted to longer  
[35] 
Table 2 . 1 .  Characteristic absorpt ion ir (cm-1 ) in KBr d iscs· , electronic (nm) spectral data and the molar 
absorpt ivit ies (E ) for the reagents F2H2 Dz and H2Dz and the i r  mercury( T I )  and lead( I I )  
chelates i n  dichloromethane and i n  polyurethane foams i n  parenthesis. 
CorT1\X>Und Wave number, crn-1 • 
u(N-H) u(N=N) 8(N-H)+(C=N) u(N-C-S) Amax (nm) (E x 1 0-3 Imol-1cm-1 ) 
F2H2Dz 3 1 40 (br) 2380 (w) 1 5 1 0 (s) 1 485 (s) 6 1 5 ( 6 1 4) 2 5 . 3  
1 450 (s) 448  (450) 2 3 . 7  
1 620 (s) 1 5 1 0  (m) 1 490 (s) 48 4  (476) 64 .8 
Hg(F2H Dz)2 3 1 00 (m) 1 590 (m) 1 470 (m) 
3 1 00 (w) 1 540 (s) 
Pb(F2HDz)2 3240 (m) 1 6 1 5  (s) 
3270 (s) 1 600 (s) 1 520 (s) 1 495 (s) 5 2 1  ( 5 1 2) 65 . 1  
3085 (w) 1 540 (s) 1 475 (s) 
H2Dz 3 1 70 (br) 2365 (w) 1 5 1 5  (s) 1 505 (s) 609 ( 6 1 4 )  35 .8  
1 465 (s) 4 4 5  (447) 1 7 .9 
Hg(HDz)2 3 1 1 0 ( m) 1 600 (s) 1 5 1 0 (s) 1 505 (s) 4 8 5  (48 1 )  7 1 .0 
3 1 70 (br) 1 570 (s) 
Pb(HDz)2 3 1 80 (m) 1 6 1 0  (s) 1 5 1 5  (s) 1 5 1 0  (s) 5 1 8  ( 5 1 6) 69 . 0 5  
31 80 (s) 1 564 (vw) 
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F ig. 2 .3  Infrared spectrum of 1 , 5 _di_(2_fluorophenyl)-3 -mercaptofonnazan 
(F2H2Dz) in potassium bromide disc_  
[37] 
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Fig . 2 .5 .  I n frared spectru m of the complex Pb(F2HDz)2 i n  potass ium 
bromide d isc_ 
[39] 
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Fig . 2 .7 . E lectro n i c  spectra of  F 2 H 2 0Z ( 1 ) ,  H 2 0 Z  (2 ) . H g ( F2 H  O Z ) 2  ( 3 ) ,  and 
H g ( H O z ) 2 ,  (4 )  i n  polyu rethane foams .  
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Fig . 2 .8 .  E l ect ro n i c  spect ra of  F2 H 2 0 Z  ( 1 ) ,  H g ( F2 H Oz)2  ( 2 )  and  P b ( F 2 H O z ) 2  
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Fig . 2 .9 .  E l ect ro n i c  spect ra of F2 H 2 D z  ( 1 ) ,  H2Dz  (2 ) ,  Pb( F2 H D z ) 2  (3 )  and 
Hg (F2 H Dz)2  (4 )  i n  polyu rethane foams .  
(43) 
wave number  3240-3460 cm-1  on  coo rd inati on  with mercu ry ( l I ) o r  lead( l l )  
comp l exes i nd icat i ng  a remarkab l e  l oss o f  hydrogen  bond i ng  and  
suggest i n g  t hat n i t roge n  ato m  i s  not  i nvo lved i n  meta l  coord i nat io n  
( Kiwan a n d  Kassi m ,  1 977) .  The absorpt i on  frequency sp l i ts  i nto  two 
bands in the reg i on  1 580- 1 655 cm- 1  coord i nat ion  with both mercu ry( l I ) 
and lead ( l I )  complexes ind icat ing coo rd i nat ion of the azo g roup .  The two 
absorpt ion  bands fou nd in t he  range 1 440- 1 460 and 1 420- 1 520 cm- 1  i n  
t he  i r  spect ra o f  t he  reage nts are aSSig ned t o  N-C-S v ib rat i on  (Be l lamy, 
1 968) .  On coord i nation  with both metal ions the former  band sp l its i n  the 
reg i o n  1 43 0 - 1 470 cm - 1 , w h e reas t he  l at ter  band s h i fts t o  l o nge r  
wavenumbers > 1 530 cm- 1 . Th is  change i nd icates t he  part ic ipat ion o f  the 
N-C-S g roup  probably t h rough  bondi ng o f  t he  su l phu r  wi t h mercu ry ( l I )  
and lead( I I ) .  The Hg2+ o r  Pb2+ complexes of H2Dz and F2H2Dz showed 
a weak absorpt ion  band in the reg ion 7 1 5-730 cm- 1  ass ig ned to t he  M-S 
and M-N  bonds of t he  N -C-S and N=N g roups ,  respect ive l y  (Be l l amy,  
1 968) where M = Hg2+ o r  Pb2+ ions .  
Cons i de rab l e  i nt e rest h as bee n  focused on the use of  t h e  
ch ro mofoam test i n  batch and dynamic modes fo r t he  separat ion  and 
preconce ntrati o n  o f  d i fferent species f ro m  aqueous med ia (E I -Shahawi 
and AI-Me h rez i ,  1 995) .  The i m mobi l izat ion o f  water i nso lubl e  che lat i ng 
agent  on  so l id foam co mb ines the advantages of bot h l iqu id - l iqu id  and 
l i qu id-sol id extract i on  techn iques (Braun  et al. , 1 985) .  The i mmob i l i zed 
reagent foam comb i nes t he  advantages of se lect iv i ty o f  t he  che lati ng  
agent and the  rap id ity o f  t he  k i net ic process between metal i ons  i n  t he  
aqueous so lut i on  and  the  reagent  i m mob i l ized i n  t he  foam membranes 
(Brau n  et al. , 1 985) .  
[44] 
I n  prel im i nary experi ments it was fou nd that t he  co lou red che lates 
formed f ro m  the react i o n  o f  t h e  reagents  d i t h i zone  and 1 , 5-d i - (2-
f l u o ro p h e n y l ) - 3 - m e rcapto fo rmazan  in  s l i g h t l y  ac id i c  m e d i a  w i t h  
mercu ry( I I )  and  lead ( I I ) have been successfu l l y extracted on  un l oaded 
po lyurethane foam .  Thus the analyt ical u t i l i ty o f  t hese react ions fo r t he  
detect i on  o f  me rcu ry( I I ) and  l ead ( I I )  i n  aq ueous  med ia  emp loy i ng  
po lyurethane foam was tr ied .  I mmobi l ized po lyurethane foam with H2Dz  
o r  F2H 2 Dz o r  p last ic ized w i t h  these reagents i n  t he  p resence of  t ri - n ­
butyl phosphate as  a pl ast ic izer  was found  su i table for  t he  sens it ive and 
se lect ive detect ion  of Hg2+ o r  Pb2+ ions in aqueous so lu t ion usi ng  stat ic 
(batch )  and dynamic (co l u mn)  tech n iques .  Evident ly  the quasispherical 
membrane structu re and the favourab le hydrodynamic and ae rodynamic 
pro p e rt i es o f  t h e  po l y u re t h a n e  foa m  fac i l i t ate  i t s  use in t h e  
preconcentrat ion and co l lecti on  o f  t races amou nts o f  bot h mercu ry( l l )  and 
lead ( I I )  ions in aqueous media on  these su rfaces.  The i m mobi l izat ion of 
h yd ro p h o b i c  o rg a n i c  e x t racta n ts e . g .  d i t h i z o n e  a n d  1 , 5-d i ( 2 -
f l u o ro p h e n y l ) - 3 - m e rcapto fo rmazan  o n  so l i d  f o a m s  ( c h ro mofoams)  
com bi nes t he  advantages of l iqu id - l iqu id  and  l iqu id -so l id extract ion  step 
wh ich  is  usua l ly  more advantageous with respect to  phase separat i on .  
A lso , t he  possi b i l i ty  o f  us i ng  l oaded so l ids  i n  a m u l t i stage co l u m n  
ext ract i on  experi ments al l ows t h e  i so l at i on  and conce nt rat i on  o f  t h e  
ana lyte from t h e  mat rix  y ie ld ing a n  appropr iate en richment  factor. Thus ,  
in  the p resent wo rk,  F2 H 2 Dz- l oaded foam h as bee n u sed  fo r t h e  
detect i on  a n d  sem iquant i t iat ive determ inat ion o f  mercury( I I ) and l ead( I I ) .  
The i n fl uence of t he  d iverse i ons o n  the  detect i on  of m e rcu ry ( I I )  and 
lead ( I I ) by the proposed ch romofoam test was also i nvest igated. 
[45J 
2 . 3 . 1 .  D et e c t i o n  a n d  
M e r c u ry(I I) w i t h  
f o r m az a n : 
S e m iqu a n t i t a t i v e D et e r m i n a t i o n  0 f 
1 , 5 - d  i -(2-f l u o  r o  p h e nyl)- 3 - m e  r c a  pt o -
2. 3. 1 . 1 .  B a t c h  E xpe r i ments : 
I n  weak acid ic so lu t ion (pH<6) ,  1 ,5-d i - (2-f l uo ropheny l ) -3-mercapto­
formazan fo rms an i nso l u bl e  o range-red che late w i th  mercu ry ( l I )  i ons .  
The complex formed is  read i l y  extracted by o rgan ic so lvents (Kiwan and  
Kass i m ,  1 977) wit hout change  i n  col o u r. The react i on  was empl oyed 
with un loaded foam,  F2H 2 Dz- l oaded foam and F2H2Dz-TB P  plast ic ized 
foams to detect mercu ry ( l I )  in the aqueous so lut ion .  The reagent F2H2Dz 
is  u n i fo rm ly  d ist ributed on  a relat ive ly h igh su rface of the foam cubes and 
acts as an  eff ic i ent co l l ecto r  fo r the mercury ( l I )  i o ns  p resent  i n  t h e  
aqueous med ia .  T h e  deve loped co l o u red comp lex  o n  t he  foam can 
eas i l y  be observed.  
On shak ing one cube of t he  un l oaded foam wi th 3-5 cm3 of t he  test 
so l ut ion m i xtu re of the o range- red Hg (F2H Dz)2  complex i n  a test tube for 
3-5 m i n . ,  i t  was poss ib le  to  detect as low as 0 . 1 5  ppm mercu ry .  The 
co lou r  o f  t he  foam cu be changed f rom co lou r less (b lank)  to o range- red .  
The sens i t iv i ty  of the test was s l i g ht l y i ncreased (0 . 1 0  ppm) and the 
co lou r  development  was ach ieved i n  l ess than one m i nute of shaki ng i n  
t h e  presence o f  acetate i ons (Table  2 .2 ) .  Th is  may be att r ibuted t o  the 
ab i l i ty to  acetate i ons  to act as a coord i nat i ng  l i gand and form a quas i  
octahedral adduct on  the large su rface area of the po lyurethane foam as 
post u l ated i n  F ig .  2 . 1 0 . Acetate an ion is  known to  coo rd i nate w i th  
mercu ry( l I )  a nd form stable complexes (Banerjee and S i ng h .  1 964) as 
i ndicated by the i r  stabi l ity constants ( log k 1  = 5.55 ,  log �2 = 9 .30)  val ues.  
Such unusua l  octahedra l  coord i nat ion of Hg ( l I )  i s  known for a number of 
O-donor  l i gands (G reenwood and E rnshaw,  1 985) .  The u rethane (a) or 
eth e r  (b )  l i n kage in the po lyu re thane foam (F i g .  2 . 1 1 )  u nde r  t hese 
cond i t i o n s  may a lso act as a coord i nat i ng  l i gand t owards me rcury ,  
produci ng a mixed l igand complex (Farag et al. , 1 994) .  
[46] 
Table 2.2 .  Comparative sensitivity of  batch F2H2Dz (a) and H2Dz (b) for  the detection of  mercury( I I )  
ions.  
M ethod Amount of Hg2+ detected (ppm) Reference 
(a) (b) 
Spot test on spot plate - 5 . 0  Feigl and Anger, 1 972 
Unloaded foam in the absence 0 . 1 5' 0 .25 '  
o f  acetate ions 
Unloaded foams in the 0 . 1 0 ' 0 . 2 0  Farag et a/. ,  1 987 
presence of acetate ions 
I mmobi l ized reagent foam 0 .05'  0 . 1 0  Abou-E lmaty, 1 990 
in t he presence of acetate 
ions 
Plasticized TBP-reagent foam 0 .0 1 '  0 . 1 0  Abou-E lmaty, 1 990 





Polyre :.hane foam 
Fig .  2 . 1 0 . A post u l ated  s t ructu re o f  t h e  m i xed  acetate - F2 H 2 D  z 
m e rc u ry ( l I )  q uasi octahed ral compl e x  o n  t he  s u rface of t he  




(b )  
Fig . 2 . 1 1 .  The structu re of  the  u rethan e (a) and t he  e ther  (b )  l i n kages o f  the  
po lyurethane foam . 
[49J 
The  co l o u r  o f  t he  foam cube changed f ro m  co lo u rl ess (b lank)  to  
o range- red .  The se nsit iv i ty o f  t he  test can be s ign i f icant ly imp roved by 
i m mobi l i z i ng  t he  foam cubes w i th  t he  reagent F2H2Dz .  On  shaki ng one 
cube o f  t he  reagent F2H2 Dz- loaded foam and p last ic ized F2 H2D z-TB P  
foam wi th  2-3 cm3 o f  mercu ry ( l I )  i ons present at low conce ntrat ion i n  the 
aqueous  med ia  as low as 0 .05  and 0 . 0 1  ppm we re easi l y  detected ,  
respect ive ly (Table 2 .2 ) .  The relat ive ly h i gh  ava i lab le su rface area o f  the 
foam cube acts as an  eff ic ient  col l ector  for  mercury ( l I )  p resent i n  t he  
aqu eous so lu t i on  a t  l ow conce ntrat io n .  Th is  is  coupled wit h t he  case o f  
observ i ng t he  characterist ic red col ou r  of the react ion  product on  the  t h i n  
membranes  of  t he  foam materia l .  I n  t he  p last ic ized F2H2 Dz-TB P foam 
the co l ou r  deve loped rap id ly  and lower detect i on  l i m i ts were obtai ned .  
The non-volat i le  t r i -n-buty lphosphate plays a dua l  ro le  (Braun  et  al. , 1 985 
and E I -Shahawi , 1 994) : i t acts as an efficient non-vo lat i l e  solvent for t he  
reagen t  F2 H 2 Dz  and as  p last ic i ze r  fo r t he  p last ic foam i tse l f .  Th i s  
i ncreases t he  permeab i l i ty o f  t he  foam mate r ia l  and  e n h a nces t he  
sorpt ion  and  p reconcentrat ion rates of mercu ry ( l l )  i o ns  from the  aqueous 
so lut ion  or the p last ic ized reagent  foam .  A compar ison of t hese resul ts 
and t hose obtai ned usi ng the usual  spot test ( Fe ig l  and Anger, 1 972) and 
t hose  reported by Farag et al. , 1 987 emp loy ing d i t h i zone  l oaded foam 
reveals t hat the F2H 2Dz- loaded foam met hod and p last ic ized F2H 2D z ­
TBP-foam are more advantageous (Table 2 .2 ) .  T h e  plast ic ized F2H2Dz­
TBP l oaded foams g ives more sensi t ive resu l ts .  The h i ghe r  acid i ty of 
F2 H 2 Dz (pKa = 4 .05) and the relat ive ly  h i ghe r  extract ion constant o f  i ts 
mercu ry comp lex ( log kex = 26 .93)  compared to d i th izone (pka = 4.7 and 
log kex = 26 .8 )  may part ia l l y  account  for  t h is behav iou r  (K iwan  et al. , 
1 97 1  and 1 977) .  The h i gh  d i ffus ion rates of Hg (F2H Dz)2 and Hg (H Dz)2 
t h rough  t h e  t h i n  membrane  of t he  po lyu rethane foam may a lso be of  
value  in  t he  preconcentrat ion  step by the foam .  
[50] 
T h e  i nt roduct i on  o f  f l uo ri n e  ato ms at C-2 of t he  phe ny l  ri ngs  o f  
d i t h i zone  was fou nd  among  ot h e r  t h i ngs  t o  i ncrease the part i t i on  
coeffic ient o f  2-f l uo rod i th izone between CCI4/H20 to 2 . 1  x 1 04 ( Kassi m ,  
1 975)  co mpared to  1 . 1  x 1  04 f o r  d i th izone ( Kol t hoff e t  al . ,  1 969) .  The 
part i t i on  coeff ic ie nts o f  metal  com p lexes wi th  2 - fl u o rod i t h i zone  a re 
expected to  be h i g he r  than  those of  t he  co rrespo ndi ng  complexes of  
d i th izone .  Th is  was i ndeed p roved in  the case of copper( l I ) complex of 2-
f l u o rod i t h i z o n e .  The part i t i on  coeff i c i en t o f  C U ( F2 H D Z ) 2 between  
CCI4/H20 was found t o  be 1 . 53 x 1 05 (Kassim ,  1 975) compared 
to 7 .3x 1 04 for C u (H Dz)2 ( lwantscheff, 1 972) .  
A fu rther  advantage of t he  proposed foam test is  i ts appl icat ion for 
t h e  sem iquant i tat ive dete rm i nat i o n  o f  m e rcu ry ( l I )  i n  ac id ic  aqu eous  
so l u t i on  (pH � 6)  as t h e  co lo u r  de nsity on  t he  foam cube  is  d i rect ly  
p roport i ona l  to  t he  co nce ntrat i on  o f  me rcu ry ( l I ) i ons in  t he  aqueous  
so lut i on .  A standard co lou r  scale o f  foam cubes i s  f i rst prepared f rom 
mercu ry ( l I )  sol ut ions of d i fferent concentrati ons at the same experimental 
co nd i t i o n s .  So l u t i ons  co nta i n i n g  0 . 1 0 , 0 . 5 ,  1 ,  5 ,  1 0  and  1 5  ppm 
Hg ( l l )  at pH .:. 6 cal ibrati on  scale are adequate for  cal ibrati on  when us ing 
the i m m o b i l i zed F2 H 2 Dz- loaded foam .  On the  other  hand ,  so lut i ons 
conta i n i ng 0 . 0 1 , 0 . 05 ,  0 . 1 ,  1 ,  5 and 1 0  ppm Hg ( l l ) are suff ic i ent  for  
c o n st ru ct i n g  a ca l i b rat i o n  sca le w i t h 1 , 5 -d i ( 2 - f l u o ro p h e n y l ) - 3 -
mercaptoformazan p last ic ized on  t he  po lyu rethane foam i n  t he  prese nce 
of t ri - n -butyl p hosphate as p lastic izer. The proposed scheme was tested 
for t he  detect i on  o f  mercury ( l I )  i ons  i n  su rface wate r and sat is facto ry 
resu lts were obtai ned.  
2.3 . 1 .2 .  C o l u m n  F l o w  E xpe r i m e n t :  
T h e  p ro posed F2 H 2 Dz- loaded foam a n d  p last ic ized F2 H 2 D z - T B P  
foam were packed i n  co l u mns  h av i ng good hyd rodynamic propert ies .  
[5 1 ] 
The  foam beds o bta i ned  we re fou n d  su i tab le  f o r  t h e  d etect i o n  , 
quant itative col l ect i on  and sem iquant i tat ive dete rmi nat ion  of mercu ry( l I ) 
i o ns  p resent i n  extreme ly  d i l u te aqueous so lu t i on  at reasonab le  f low 
rates .  Detect i on  at  t he  ppb l eve l  was eas i ly  ach ieved by percolat i ng  
re l at ive ly l arge vo l umes (0 . 1 -2 dm3) of t he  aqueous mercury ( l I )  so lu t ion 
t h roug h  the reagent foam col umn at  a 2-3 cm3/mi n .  f low rate .  
In th is mu lt istage co l u m n  so rpt ion  process , a series  of successive 
equ i l i brat i o ns between  t he  me rcu ry ( l I )  i o ns  in t h e  aqueous  so lu t i on  
(mob i l e  phase) and  the  o rgan ic reagent F2H 2Dz- on/i n t he  foam support 
(stat i o na ry phase)  i s  gen e ra l l y  co ns idered to  h ave  a cons ide rab le  
advantage over l iqu id - l i qu id  o r  l iqu id -so l id  ext ract i on  p rocesses .  The 
co l lect i on  of low conce ntrat ions o f  metal i o n  fro m l arge vo lu mes of the  
so lu t ion  unt i l  t he  obse rvable sensit iv ity l i m i t  of the col ou r  is  obtai ned.  
The i mmobi l ized and p last ic ized F2H2Dz- en hance the sensit ivity of 
the detect i on  l i m it o f  metal ions in extreme ly  d i l ute so lut ions .  This was 
ach i eved by pass ing  2 d m3 of the test mercury ( l I )  so lu t ion  t h roug h the  
foam co l umns  packed w i t h  0 .2  g F2H2 Dz- loaded o r  p last ic ized F2 H2Dz­
TBP foam at  a f l ow rate of 3 -5 cm3 m i n - 1 . By  t h is method as l it t le as 
1 . 0 ppb of me rcu ry ( l I )  cou ld  be detected.  Th is  val ue is cons iderab ly 
l ower than  t hat ach ieved on a col umn  packed with Je l  beads contai n i ng  
d i th izone ( 1 00 ppb) (Brau n et  al. , 1 985) .  
I n  t he  proposed foam co l u m n  method ,  the length o f  the col ou red 
zone  produced f rom the  react i on  of t he  co l l ected mercu ry ( l I )  i ons  wi th 
F 2 H 2 Dz-TBP on foam was found  to  be d i rect l y  p ropo rt i o na l  to  t he  
mercu ry ( l I )  content  of t he  aqueous so lu t i o n .  Th is  was establ ished by  
wo rki ng  w i t h  co l u m n s  packed w i t h  0 . 2  g foam and a standard co l ou r  
sca le  coveri ng t h e  concentrat ion  range 1 to 20 ppb .  As  i s  seen from 
[52) 
F ig .  2 . 1 2* , t here ex ists a l i near re lat ionsh ip  between the  length  (cm )  of 
t h e  co l ou red z o n e  on t h e  foam co l u m n  and t h e  m e rcu ry( l I ) i o n s  
concentrat ion i n  t h e  test so lut ion .  
T h e  detect i o n  o f  0 . 5  p p b  mercury ( l I )  i n  3 d m3 aqueous acid ic  
so lu t ion by  t he  proposed F2H2Dz-foam col u m n  was eas i l y  ach ieved by 
passi ng t he  aqueous so lu t ion t h roug h the col u m n  at 1 -2 cm3 m i n- 1  f low 
rate .  This demonstrates the appl icab i l ity of the test for the dete rmi nation  
of H g ( l I )  i n  the ppb level range and recommends the reagent foam test for  
t he  detect i on  and semiquant i tat ive dete rmi nat io n  of mercury ( l I )  i ons  i n  
extre me ly  d i l ute so lu t ions ,  wh ich i s  cons idered t o  h ave special p ract ica l  
i mportance.  
2 . 3 . 2 .  Dete ct i o n  a n d  Se m iqu a n t i t a t i v e  Dete r m i n at i o n  of  Lead(l I) 
w i t h  1 ,5- d i -(2-f l u o roph e nyl)- 3 - m e r c apt o -f o r m a z a n :  
2 . 3 . 2 . 1 . B a t c h  E xpe r i m e n t s : 
F2 H 2 Dz reacts wi th lead i n  aqueous acid ic so l ut io n (pH :  4 .5-6 )  to 
form a p i n k  co l ou red co mp lex Pb (F2 H  DZ )2  (K iwan and Kass im ,  1 977) 
which can be easi ly extracted by non-po lar  solvents . This react ion  was 
employed fo r  t he  detect ion  and sem iquant i tat ive dete rmi nat ion  of lead ( l I ) 
i ons  i n  aqueous so lu ti o n  employi n g  un loaded po lyurethane  foams and 
i mmobi l i z i ng  F2 H 2 Dz i n  batch mode of ext ract i on .  Lead( l l )  in  aqueous 
so lu t ions at  concentrations  as low as 0 . 1  ppm (Tab le  2 . 3 )  was eas i l y  
detected by s haki ng 3 -5  cm3 of the test so lut ion with a cube of F2H2Dz­
and p lasticized F2H2Dz-TBP foam, respect ively .  These resu lts are better  
than those repo rted fo r d i th izone loaded- po lyuret hane foams (0 .2  ppm) 
o r  by the convent ional  spot test (0 .8  ppm) methods (Farag et al. , 1 987 
and Feigl and Anger 1 972) . The t ri -n -butyl phosphate i ncreases the 
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co nce ntratio n  of  th e tested metal (Hg2+ or  Pb2+) io ns i n  ppb 
F ig .  2 . 1 2 .  Relat ionsh i p  between t h e  length  (cm) o f  t h e  col o u red zone o n  
the  foam co lu m n  a n d  the  concentrat ion  of  t he  mercu ry ( 1 ) and 
lead (2) in  ppb wi th  i m mob i l i zed F2H 2 D z- foam . 
[54J 
Table 2 .3 .  Comparative sensitivity of batch F2H2Dz (a) and H2Dz (b) for the detection o f  lead(l I )  ions. 
M et hod Amount of  pt)2+ detected (ppm) Reference 
(a) (b) 
Spot test 0 .80  Feigl and  Anger, 1 972 
Un loaded foam 0 .30  0 . 30 Present work 
I mmobil ized reagent foam 0 . 1 5 "  0 . 20 Farag e t  al. ,  1 986 
P last icized TBP-reagent foams 0 .0 1  0 . 1 0  Present work 
• Present work. 
[55] 
pe rmeabi l i ty of t he  foam and is expected to  enhance the rate of sorpt ion  
o f  the  co mp lex  Pb (F2 H D z ) 2  f ro m  t he  aqueous so l ut i o n .  Th i s  was 
experimental ly prove n and semiquant i tative determi nat ion  o f  lead ( l I )  was 
also ach i eved by comparing  the colou r  acqu i red by p lasticized F2H 2 DZ­
TBP  foam i n  batch -type e xpe ri men t  w i t h  a s tandard co l o u r  sca le 
constructed wi th 0 . 1 , 0 . 5 ,  1 ,  5 and 1 0  ppm lead ( l I )  so l ut io ns u nder  the 
same experimental condi t ions .  
2.3 .2 .2 .  Dyn a m i c  Expe ri m e n t s :  
T h e  p roposed F2H 2Dz loaded foam packed i n  a co l umn ,  was used 
fo r t he  col l ect i on  of lead ( l l )  by passi ng 1 d m3 of  the test so lu t ion at pH 
4 . 5-6 t h rough  the foam col umn  at 5 cm3 m in - 1  f low rate .  As low as 50 ng 
cm-3 o f  l ead was easi ly detected by the proposed p rocedu re .  The length 
o f  the developed co lou red zone was p roport i onal to the concentrat i on  of 
l ead (F i g .  2 . 1 2 ) .  These resu lts extend the use of  the foam col u m n  for 
se m iq uan t i ta t i ve  dete rm i n at i o n  o f  l e ad ( l I )  i o n s  w i t h i n  t h e  ran g e  
50-500 ppb .  
The se nsit iv i ty of Pb( l l ) determ i nat i on  with 1 ,5-d i (2-f l uo rophenyl ) -3-
m e rcaptoformazan is h i g h e r  than t hat o bta i ned wi th  d it h i zone .  The  
h i g he r  acid ity of F2H 2 Dz (pKa = 4 .05) and  t he  rel at ive ly h ig he r  stabi l ity  
constant  o f  i ts l ead ( l l )  complex ( log p = 1 1 . 49 )  compa red to d i th i zone 
(pka = 4 .7 )  and its lead ( l l )  complex ( log p = 9 . 75) part ly  accou nt fo r t h i s  
behav iou r  (K iwan  and Kass i m ,  1 977 and I rving  and Bel l ,  1 952) .  The 
d i ffus ion rates of Pb (F2 H Dz) 2 and Pb(H Dzb t h rough  t he  t h i n  membrane 
of the po lyu rethane foam plays a lso a ro le  in the p reconcentrat ion  step 
by the foam .  
2 . 3 . 3 .  Inte rf e re n ce Stud i e s : 
The reagent  F2H 2 Dz- is  not se lective and many metal i o ns othe r  
t han  me rcury ( l I ) o r  l ead ( l l ) react w i t h  t h e  age nt p roduci ng  co l o u red 
[56J 
species .  R e m oval  o f  t h ese  i n te rfe r i ng  cat i ons  i s  essen t i a l for  t h e  
successfu l  detect ion  o f  mercu ry ( l I )  o r  l ead ( l I ) at l o w  conce nt rat i ons .  To 
assess t he  se lect iv i ty  of t h e  p ro posed reage nt F2 H 2 Dz- foam ,  t he  
detect i on  o f  mercury ( l I )  o r  l ead ( l I ) by t h e  p ro posed batch mode  was 
i nvest igated in the p resence of various  ions .  I t  was found  poss ib le  to 
detect as l it t le as 1 ).1g of Hg2+ o r  Pb2+ (Tabl e 2 . 4) in the p resence of  u p  
t o  1 0  mg ( i e .  concentrat ion  rat io o f  1 : 1 x 1 04 ) o f  t he  fo l l ow ing  i ons :  
La3+ , Ba2+ , Ca2+ , S r2+ , N H: , Na+,  K+ , Li+ , A13+ ,  Ga3+ , As3+ ,  acetate ,  F- , 
2 - 2- 2- 2- - 2 -
H P04 I 803 1 82°8 I W04 I Br03 and 804 . 
Othe r  i ons  i nterfered wi th t he  detect ion  o f  1 ).1 g Hg ( l I ) and Pb( l I )  
w h e n  p resent  i n  concent rat i ons  1 0 - 1 000 t imes h i g h e r  t h a n  t h e  two 
cati ons  o f  concern Tabl e (2 .5 ) .  The i n te rfe ri n g  effect of some of t hese 
ions can be e l i m i nated th rough  t reatment wi th special agents .  These are 
s i m i l ar l y  i n d i cated i n  t h e  Tab l e  ( 2 . 6 ) w h e re s i m pl e  so l u t i o n  we re 
i nt roduced to  obtain u namb iguous and se nsi t ive detect ion  o f  Hg2+ and 
P b2+ (Table 2 . 6 ) .  These resu lts a lso extend the use o f  the pro posed 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2 .6 .  Detection of  1 �g mercury (a) and lead (b) with 1 ,S-di- (2-fuorophenyl)-3-mercaptoformazan 
loaded foams after removal of the interferences caused by some of the tested interfering 
ions .  
Ion Compound Tolerance limit Note 
added 
a b 
M n04 K M n04 1 : 1  x 1  03 1 : 1  x 1  03 Add one crystal of sodium azide 
. Formate Formic acid 1 : 1 x 1 04 1 : 1 x 1 04 Add bromine water and boi l  the so lution 
B i3+ Bi(N03h7H2O 1 : 1 x 1 03 1 :  1 x 1 03 Add few crystals of thiourea 
Zn2+ ZnS04 1 : 1 x 1 04 1 : 1 x 1 0
3 Add 1 ml of HN03 (0 . 1  M) 
M n2+ MnS04.4H2O 1 :4x 1 03 1 : 1 x 1 04 Add 1 ml of bromine water and boil  the 
solut ion 
Fe2+ FeS04 1 :5x 1 03 1 : 1 x 1 04 Add one crystal of NaF 
Fe3+ FeCI3 1 :  1 x 1 03 1 : 1 x 1 03 Add 1 ml of saturated NaF 
Cd2+ Cd(N03)2 1 : 1 x 1 03 1 : 1 x 1 0
2 Add one crystal of thiourea 
cr3+ Cr(N03) ·6H20 1 : 1 x 1 0
3 1 : 1 x 1 04 Add bromine water and boi l  the 
solut ion 
N i2+ NiCI2 1 : 1 x 1 0
3 1 :  1 x 1 03 Add one crystal of thiourea 
NO; NaN02 1 : 1 x 1  03 1 : 1 x 1 03 Add 1 -2 ml of NaF ( 1  M) 
VO; NH4V03 1 :  1 x 1 03 1 : 1 x 1 03 Add one crystal of NaF 
[60] 
C H A PTE R 3 
TH E R ETE NTI O N  A N D  S E PA R ATI O N  B E HAVI O U R  O F  S O M E  
W A T E R  S O L U B L E  O R G A N O P H O S P H O R O U S  I N S E CTI C I D E S  O N  
P O Y ESTE R - B A S E D  PO L Y U R ET H A N E  F O A M S  
3 . 1 . I NT R O D U C TI O N  
As resu lt o f  i ncreased i ndust ri al and ag ricu l tu ra l  act iv i t ies many 
man -made po l l utants found  t h e i r  way i n to  the env i ro n ment w it h out  
p ro pe r  real izati on  of t he i r  possi b le  harmfu l  effects (E I -Shahawi , 1 993) .  
Organ ic  contami nants resul t  main ly f rom domest ic and indust ria l  waste 
wat e rs ,  deca y i n g  veg etat i o n ,  de te rg e nt s ,  a g ric u l t u ra l  fe rt i l i z e rs ,  
he rbicides and pest ic ides.  Fu rthe r, some b io log ical l y  resi stant metabo l ic  
p roducts deve lop by m ic rob ia l  and  aquat ic  popu lat i ons .  The  most 
famous  of  t h e  l at ters a re p roducts w i th  d i st i nct odo u r  p roduced by 
anti nomycetes (E I -Nabarawy and Bou lous ,  1 987) . 
The i nsect ic ides enter  water  sou rces as run -o ff f rom ag ricu l tu ral  
land ,  fo l l owi ng  crop spray ing ,  as i nd ust ri al and sewage eff luents ,  cattl e  
spray ing ,  o r  as  dust and  rai nfal l (Edwards, 1 973) .  These po l l utants i n  t he  
aquat ic e nv i ro n m e nt a re  known to cause  severe hea l th  p rob lems  to  
an imals ,  b i rds and hu mans (Aaseth ,  1 995) . The dynamic movement of 
the pest ic ides i n  the aquat ic env i ronment h as been repo rted by (Edward ,  
1 973 ) .  
Pest icides be long to many  classes of  o rgan ic compounds : t hese a re 
t h e  o rganoch l o ri nes  (ch l o ri n ated hyd rocarbons )  w h ich  a re spari n g l y  
so lub le  i n  water ;  t h e  o rganophosphates which are esters o f  phosphoric 
acid e . g .  Malat h i o n ,  Parat h i o n ,  wh ich are so lu b le in  wate r  and o the r  
so lvents ,  t h e  carbamates wh ich  a re  phe noxya lkano ic  acid  der ivat ives 
( he rb ic ides ) ;  the u reas and t r iaz i nes and f i na l l y  pyret h ro ids wh ich  are 
cha racte ri zed  by l ow e nv i ro n me nta l  i mpact e . g .  cype rmeth ri n  and  
deltameth ri n  (Edward, 1 98 1 ) .  
[61 ] 
The complete removal of t hese  po l l utants o r  t he  reduction  of t he i r  
concentrat ions to  acceptable l im i ts i s  a major  conce rn . I n  t he  labo rato ry 
t h is can be ach i eved t h rough  steam d ist i l l at i o n ,  l iqu id - l iqu id  ext ract i on ,  
o x i dat i o n  react i o n s ,  reve rsed  p h ase  l i q u i d - l i q u i d  p a rt i t i o n  f i l t e r  
c h ro matog raphy ,  adso rpt i o n  o n  act ive  carbo n and  ot h e r  su pports 
( E I - Sh a h aw i ,  et al. , 1 994 ) .  Some o f  t h ese  methods a re o f  l i m i ted 
app l icat i o n ,  too expens ive and/o r u n-app l i cab le  for rou t i ne  ana lys i s  
w h e re l a rge vo l u mes are concen t rated (E I -S h ahawi  and  A ldhahe ri , 
1 995) .  
The deve lopment of a l iqu id - l i qu id  ext ract i on  spect ro p h otometr ic 
procedu res for  the se nsi t ive and rapid dete rmi nat ion  o f  t races of non ­
i on ic i nsect ic ides i n  water  was reported by Sai to et  al. , ( 1 983 ) .  I n  th is  
m et h od , m u l t i p l e  so lvent  ex t ract i o n  i s  car r ied  ou t ,  fo l l owed by a 
concen t rat i o n  ste p t o  reduce t h e  so lve nt  vo l u m e  down  to  a s i ze  
appropriate fo r  pest ic ides esti mat i on .  The co ncentrat i on  step wi l l  l ead 
a lso  to  t h e  concent rat i o n  o f  i m p u ri t i es  o ri g i na l l y  p resent i n  o rgan ic  
so lvents w h ich  m igh t  cause ser ious i nte rfe re nces (A I -Fassi and  Wai , 
1 992 ) .  
The use  o f  carbon adsorpt i on  as means  for  t he  p reconce ntrat ion  
and quant i tat i ve determ i nat i on  o f  pest ic ides has been p roposed (E I ­
Nabarawy and Bou lous ,  1 987) . Howeve r, the carbon su rface may act as 
a cata lyst for some chemical changes of the adsorbed species ,  maki ng 
the  ident i f icat ion o f  t he  o rgan ic substance more d i ff icu l t  ( U .S .A .  d ri nk ing  
water  l im ited 1 962,  Canadian d ri nk ing  water  l i mi ted, 1 969) .  
Special types of synthet ic resi ns and C 1 8 Co ras i l  h ave bee n used 
f o r  concen t rat i n g  ex t re m e l y  l o w  l eve l s  o f  p o l y n u c l e a r  aro mat ic  
hydrocarbons p rio r  to  the i r quant itative analysis (Navrat i l  e t  aI . ,  1 977 and 
Oylet , et al. , 1 978) .  Various  adso rpt i on  and ox idat i on  methods have 
[62J 
been revi ewed for t he  p reconcentratio n ,  separat ion and ident i fication  o f  
some pheno ls  and phenol - l ike compou nds i n  waste waters ( Pfei fer e t  
al. , 1 983) .  
The appl icat ion o f  u n loaded foam as a cu l ture tube stoppers for  the 
extract ion and recove ry o f  some o rgan ic po l lutants f rom wate r  a t  various 
concent rati on  was in it iated by G esse r, 1 97 1 . S i nce then the appl icat ion  
of coated and u ncoated polyurethane foams as mate ria l  for t he  col lect ion  
and  recove ry o f  pest ic ides ,  c h l o ri nated hyd rocarbo ns ,  p o l y n uc lear  
hyd rocarbons ,  phenols  and othe r  o rgan ic  compounds f ro m  waters and 
a i r  have been  made (Moody and Thomas,  1 979 and Braun  et  al. , 1 985 ,  
B raun ,  1 989 ,  E I -Shahawi , 1 993 and 1 994) .  
The extract i on  and recovery o f  some pht ha late  esters from water  
and a i r  i n  h igh  vo lume samp les  by  u n l oaded po lyurethane  foam h ave 
been carr ied out  (Yamasak, et. al. , 1 977) .  The preconce nt rat i on  and 
recove ry o f  a se ries  o f  a l ky l benzene  su l p h o nates , p o l yc h l o ri n ated 
b i phenyls  and po l ych l o ri nated naph thenes by un t reated foams have 
bee n a lso carr ied out  ( Lewis ,  et al. , 1 979) .  The un loaded and special l y  
t reated po lyu rethane foams have also been  eva luated fo r  t he  extract ion  
and recovery of some ch lo ri nated and phospho rous o rgan ic  i nsect ic ides, 
a ro m at ic am i nes a nd mono  and d icarboxy l ic  acids ,  in aqueo us m ed ia  
(Farag et al. , 1 986,  1 989, 1 990,  1 99 1 ) .  
I n  recent years ,  conside rable work has been done on  t he  ext ract ion 
o f  o rgan ic po l l utants by u n loaded po lyurethane foam f ro m  aqueous,  non­
aqueous and g aseous media ( Farag and E I -Shahawi , 1 99 1 ; Fong and 
C how,  1 992) .  Complete s�eparati on  and  quant i tat ive recove ry o f  t he  
tested compou nds f ro m  t he  foam wi th aceto ne i n  a Soxh let ext ractor  
were ach ieved. The method was used to  preconcentrate i nsect ic ides i n  
(63) 
tap water  and modif ied to determ ine  d issolved i nsect ic ides i n  i ndustr ia l  
and natu ral waters (Farag and E I -Shahawi , 1 99 1 ) .  The preconcentrat ion  
o f  a l i p hat ic ,  a romat ic ,  and  ch lo ri nated hydrocarbo ns  and fatty ac ids 
d issolved i n  seawate r on po lyurethane foam and on  Ambe rl i te  XAO-2 
res in  have been reported by Gomez-Be l i nchon et al. , 1 988.  
Tyag i et al. , 1 992,  reported the analyt ical use of  po lyurethane foams 
as a porous  bi omass support coup led to a rotat i ng b io log ical contactor  
(RBC) for t he b io log ical t reat ment  of o i l  refi nary eff l uents. The resu lts 
o btai ned with the b io reacto r RBC- P U F  i nd icated a bette r  perfo rmance 
ove r the co nvent iona l  RBC for the b iode g radat i on  o f  COO ,  ammon ia  
n i t rogen ,  pheno l ,  hyd rocarbon and  suspe nded so l ids .  
Su rfactant removal by foam fract ionat ion was theoret ical ly analyzed 
by treat i ng su rfactant mass t ransfer  from a bu lk  so lu t ion o nto a movi ng 
bubble as a convect ive d i f fus ion  process (Ti m mons ,  et al. , 1 994) .  A 
m at h e mat ical  mode l  exp ress i ng  t he  remova l  rate as a f unct i o n  o f  
p e rt i n e n t  paramete rs was d eve l o ped . The  paramete rs i nc l u ded 
superf ic ia l  a i r  ve l oc i ty ,  bubb le  s ize ,  bubb le  r is i ng  ve l oci ty ,  su rfactant  
d i ffu s i o n  coeff i c i en t ,  and concent rati o n .  The model  i nd icated t h at 
su rfactant removal cou ld  be descri bed as a f i rst -o rde r  process whose 
rate i ncreased with the  d i ffus io n  coeff ic ie nt ,  the superf ic ia l  a i r  ve loci ty 
and the su rfactant concentration  in the bulk so lut i o n ,  but decreasd wi th 
bubb le s i ze and bubb le r is i ng  ve loci ty .  Based on  the assumpt ion  o f  a 
co m p lete ly  m i xed reacto r  w it h i n  a sect i on  of a foam f ract i onator ,  a 
s imp l i f ied model  for  foam fract ionat ion  u nder batch operat i on  cond i t ions 
was also presented . Th is s impl i f ied model  provided a theoretical basis 
, 
accord i n g  to  wh ich  the  d i ffus i o n  coeff ic ien t  o f  su rfactants cou l d  be 
determi ned and the  model  i tse l f  cou ld be veri f ied with experimental data. 
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Thio-substituted f lex ib le polyu rethane foam (T-PUF) was deve loped 
fo r use as a se lect ive  so rbent  for  o rganomercu ry compou nds f ro m  
complex matrices (Anjaneyu lu et al. , 1 993) .  The foam pe rformance was 
h i g h  at 1 0- 1 00 ppm leve ls  of me rcury eve n f ro m  5 - 1 0 l i t re of e ffl uen t  
vo l umes,  us ing  50 g o f  T-P U F  packed i nto d i ffe rent  co l umns  i n  se ries .  
The foam d isplayed exce l l ent ab i l i ty  to  remove and recover Hg even at 
low leve ls  f ro m  i ndust ria l  eff l uents and  b ri n e  mud  gene rated by t he  
ch lo ral kal i i ndust ry .  The feas ib i l i ty  o f  us i ng  po lyu rethane foam as  an  
adso rbe nt  mate r ia l  fo r re mov i n g  t o l u e n e  d i i socyanate  (TO I )  f ro m  
p o l y u re t h a n e  foam p roduct i o n  p l a n t  e x h aust a i r  w a s  c r i t i ca l l y  
i nvest igated by D e  e t  al. , 1 992 .  The resu l ts o btai ned showed one  
part icu la r  g rade of  po lyurethane t o  be  su itable t o  se rve as  an eff ici ent  
, 
materia l  fo r Tor  removal provided the a i r  carry ing TO I  was predr ied. 
The app l icat i on  o f  supercri t ical f l u id  carbon  d iox ide i nstead of 
soxh let ext ract ion  in the recovery o f  pest ic ides from the po lyu rethane 
foam p lugs h as bee n repo rted by J av ris et al. , 1 993 .  The use of t he  
un l oaded and t ri - n -octy lam ine - and t ri - n -buty l phosphate (TBP)  l oaded 
foams was employed in col u m n  modes fo r the p reconce ntrati on  of some 
p heno ls and acaricides (E I -S hahawi et al. , 1 994 and E I -Shahawi and 
A ldhaheri ,  1 995 ) .  The ext ract i on  eff ici ency and the recovery o f  t he  
p h e no l i c  compound s  by t h e  f oam co l u m n  were b ro u g ht to 1 00%. 
So rpt i o n  o f  the compou nds by the foam was b rough t  by a so lvent  
e xt ract i o n  mec h a n i s m .  The  p Ka a n d  t he  mo lecu la r  we i g ht o f  t he  
abso rbates p layed an impo rtant  ro l e  i n  t he  sorpt ion process . The  he ight 
equ i va l en t  t o  t h eo ret ica l  p l ate  and  n u mbe r  o f  p l ates we re a lso  
calcu lated . 
[65] 
The object of the work described i n  th is  chapter i s  to i nvest igate the 
ut i l i zat ion  o f  u nt reated po lyurethane foam for the col l ection  and removal 
o f  some water  so l ub l e  i nsect ic ides from h i g h  vo lu me wate r  samp les .  
These com pou nds were chose n because t hey  are  qu i te  hydrophob ic  
and are l i ke ly  to  be extracted by the  foam.  Conc lus ions concern i ng the 
most probable sorpt ion  mechan ism of t he  ext racted species by the foam 
have also been drawn . 
[66] 
3 . 2 .  E X P E R I M E NTA L 
3 . 2 . 1 . R e age n t s  a n d  Mate r i a l s :  
A l l  c h e m ica ls  used were o f  ana lyt i cal  reagen t  g rade .  The  
compou nds tested we re D u rsba n ,  o, o-d i e t h y l - o - ( 3 , 5 , 6 - t r i c h l o ro - 2 -
pyr idy l ) ph os pho roth ioate ,  ( I ) ,  Ma lat h i on ,  d ie thy l [ (d imet h oxyphos-ph i no­
th ioy l ) t h i o] butaned ioate ,  ( I I )  and D iaz i non ,  o, o-d i et hyl - o- (3 - i sopro py l -6-
methy l  pyri m id i ne )  phosphoroth ioate ,  ( I I I ) .  The structu res of t he  tested 
pesticides a re g iven in Fig .  3 . 1 .  Stock so lut ions (200 mg/cm-3 ) of each 
compound  were p repared in 1 0  cm3 e thano l  and were d i l u ted w i th  
d ist i l led water. A se ries of standard so lu t ions  o f  these co mpounds was 
prepared by d i l ut i ng  t he i r  stock so lut ions wi th dist i l l ed water  i n  presence 
of few drops of ethanol  whenever requ i red .  The so l ut ions were stored i n  
po lyethy lene bott les .  
Open pores po lyester type based po lyurethane foam,  was supp l ied 
and wash ed as described earl i e r  i n  C hapte r 2 .  Stock so lut ions ( 1  M)  of  
l i t h i um ,  sodi u m ,  ammon i u m  and potass i u m  ch l o rides we re prepared in  
d ist i l led wate r. A series of standard so lu t ions (0 . 1 0 , 0 .05 and 0 . 0 1  M)  of 
t hese meta l  i ons  was prepared by d i l u t i ng  t he i r  stock so lu t i ons  with 
d i st i l l ed water .  A B ri t to n -Rob inson  buffer (pH 3 - 1 1 )  so l u t ion s  were 
p repared by m i x i n g  equ i mo lar concentrat ions  (0 .08  M )  of bor ic,  acet ic 
and phosphoric acids in d ist i l l ed water  and adjusti ng the pH wi th sodi u m  
hydroxide (0 .04 M ) .  
[67] 
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Fig . 3 . 1 .  The structu re of the  tested o rganophospho rous  
i nsect ic ides .  
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3 . 2 .2 .  P repa r at i o n  o f  F o a m  Co l u m n :  
A t h ree g ram o f  d ry un loaded foam was packed i n  a g lass col umn ,  
by  app ly ing gentl e  p ressu re wi th a g lass rod t o  reduce t he  foam vol u me 
to  about o ne-t h i rd o f  i ts o r ig ina l  vo l ume  (F i g .  3 . 2 ) .  Ai r bubbles were 
expe l led d u ri n g  packi ng by co nnecti ng  tap ( 1 )  to  a suct i on  pump  and 
c los i ng  tap (2) .  After  about 5 m i n .  o f  evacuat i on ,  d ist i l l ed water  was 
a l lowed to  f i l l  t he  co l umn  g radual ly t h rough  tap (2) . Then tap ( 1 ) stopper 
was rep laced by a separat ing  fun ne l  as reservo i r. 
3 . 2 . 3. Appa r a t u s :  
UV absorbance measu rements fo r t he  dete rmi nat ion  of t he  tested 
i n s ect i c i d e s  w e re m e as u re d  w i t h  a P y e  U n i c a m  S P 8 - 1 00 
s pectrophotomete r wi th 0 .2  and 1 cm quartz ce l l .  An Orion  pH mete r, 
g l ass co l umns  ( 1 5  cm he ight x 1 5  mm 1 . 0 . )  and Lab-Li ne Orbit Envi ron­





F i g . 3 . 2 .  Polyest e r- based po lyu ret h a n e  foam co l u m n  i n  packi ng  ste p .  
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3 . 2 . 4 .  Stat i c  E xpe r i m e n t s :  
3 . 2 . 4 . 1 .  I nf l u e n c e  of  pH o n  t h e  extract i o n  of t h e  tested 
i n sect i c i d e s  on the u n l o aded po lyu re t h a n e  foa m :  
I n  250 cm3 con ical f lasks 0 .2  ± 0 .002 g o f  the un loaded foam cubes 
were equ i l i b rated with 1 00 cm3 (80 Ilg /c m 3 ) for each of  t h e  tested 
i nsectic ides .  These so lut ions were adjusted to the requ i red pH (2- 1 1 )  by 
20 cm3 of  B ri t ton -Rob inson  buffers and were shaken fo r  1 h r . in a 
mechan ica l  s hake r at 20±0 . 1 cC . The  aqu eous  p h ase  was t h e n  
separated o ut a n d  t he  amount o f  t he  i nsect ic ide re m ai n i ng  i n  i t  was 
dete rmi ned from i ts abso rbance-concentrat ion  cal i b rati on  cu rve at the  
su itab le  wave leng th  fo r  each co mpound (Tab le  3 . 1 )  agai nst reage nt 
b lanks .  The amou nt of the  compou nd extracted on  t he  foam was the  
ca lcu lated by d i fference .  The ex t racti o n  pe rcentag e (%E)  and  t he  
d ist r ibut ion coeff ic ient  (0 )  of  t he  so rbed compounds by the  u n loaded 
foams we re calcu lated usi ng the equati ons : 
%Extract ion (E )  (3 . 1  ) 
w h e re 
[C] i = The amount  of the tested compound in  so lut ion before 
extract ion ,  and 
[C] f = The amount of the compound i n  so lut ion after extract ion ,  and 
% Ex t ract i o n  V o l u m e  o f  s o l u t i o n  (L) 
o = ( 1 00 - % E xt ract i o n ) x W e i g h t  o f  d ry f o a m  ( K g )  (3 .2)  
or  0 % Ex t ract i o n  V o l u m e  o f  s o l u t i o n  (cm3) ( 1 0 0 - % E x t ract i o n ) x W e i g h t  o f  d ry f o a m  ( g )  
[71 J 
(3 .3 )  
3 . 2 . 4 . 2 .  I nf l ue n ce of  contact  t i me o n  t h e  s o rpt i o n  eff i c i e n cy of 
t h e  tested i n sect i c id e s  on t h e  u n treated f o a m s : 
The effect of shaki ng t ime on  the uptake of the tested i n secticides, 
on the u n l oaded polyurethane foam was crit ica l ly  i nvest igated.  The foam 
cubes (0 .2+0 .002 g) were equ i l i b rated with 1 00 cm3 aqueous so lut ion at 
t he  opti m u m  p H  of each com pound  at concentrat io n  o f  80 �g/cm3 i n  
con i cal f lasks and s haken  i n  a t he rmostated mechan ical shaker  at 
20±0 . 1 °C for  various  t ime  in tervals up to 2 h rs .  Afte r  equ i l ib ri u m  t he  
aqueous  phase  was separated and  t h e  a m o u n t o f  t h e  i n sect ic ide 
re mai n i ng  in  it was obtai ned from i ts  abso rbance measu rements at  t he  
su itable wavelength  (Table 3 . 1 ) .  The  amount of the compound retai ned 
on the foam was calculated by d i ffe rence, the ext raction  eff ic iency (%E) 
and the  d istribut ion coeffici ent (D)  of t he  tested spec ies by the un loaded 
polyu rethane foams were determi ned as befo re . 
3 . 2 . 4 . 3 .  Sorption isother ms of the tested i nsecticides on the 
un loaded foams : 
I n  separate batch experiments 0 . 200 ± 0 .002 g of d ry foam cubes 
were shaken wit h 1 00 cm3 of d i fferent concentrat ions ( 1  0-200 �g/cm3) of 
each i nsect ic ide at the opt imum pH and shaki ng t ime  of each one .  Afte r  
shaki n g ,  t he  foam materia l  was separated out  by  decantat io n  and the  
a mo u nt o f  each c o m p o u n d  remai ned  i n  s o l u t i o n  was m e as u red  
spect ro pho to m et rical l y  and t he  amount so rbed on  t he  u n loaded foam 
was calcul ated by d i ffe rence. 
3 . 2 . 4 . 4 .  I n f luence of temperature on the extraction eff iciency 
of the i nsecticides on the un loaded foam :  
I n  o rder  t o  i nvest igate t he  effect o f  temperatu re on  the  ext ract i on  
eff ic iency of  each compound  by t he  u n loaded po l yeste r-po lyu rethane 
foam,  0 .200 ± 0 .002 g dry
· 
foam was mixed w i th  1 00 cm3 ( 1  00 �g/cm3) of 
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each i nsect ic ide i n  batch experi ment  at t he  opt i mum pH i n  stoppe red 
f lasks at  25 ,  35 and 55 ± 0 . 1 0  °G. Afte r  s haki ng fo r 2 h rs .  t he  foam 
materi al was separated out and t he  amount of t he  compound remai ned 
i n  t h e  aque o u s  s o l u t i o n  was o bta i n e d  f ro m  t h e  abso rbance 
measu rements and the  amount retai ned on  the  foam was calcu l ated by  
d i ffe rence . 
3 . 2 . 4 . 5 .  Influe nce of salt concentration on the retention of the 
i n secticides on the untreated foam : 
I n  stat ic experiments ,  t he  e ffect of various  conce nt rat i on  o f  a l ka l i  
metal (L i+ ,  Na+ ,  K+ and NH; ) ch lo rides on  t he  retent ion p rofi l es o f  t he  
tested co mpo u nd a t  1 00 )lg/cm3 by  u n loaded foam was carried out .  I n  
t hese experi ments 1 00 cm3 o f  each compound we re t hen  equ i l i brated 
with constant weig ht (0.3 ± 0 .002 g) of the u n loaded foam at opt imum pH 
of  each one .  To these so lu t ions ,  vari o us concentrati ons  (s 0 . 1 0  M) of  
l it h i um  ch lo ride were added and the so lut ions were s haken fo r  2 h rs i n  
stoppered po lyethy lene bott les .  The retent io n  behav iou r o f  t h e  tested 
spec ies on t h e  u n l oaded foam were eval uated f ro m  t h e  pe rcentage 
extract ion  (%E) and the  d ist ri but ion  rat i o  (0 ) .  Fol lowi n g  t h i s  p rocedure,  
the e ffect of NaGl , KGI and NH4GI  on  the sorpt ion prof i les o f  the tested 
i nsect ic ides on the u n loaded foam were a lso i nvest igated. 
3 . 2 . 4 . 6 .  Inf l uence of extraction med i a  on the sorpti o n  prof i les 
of t h e  tested i n sect ic ides o n  t h e  u n l oaded foa m :  
The effect o f  vari ous concentrat i on  o f  e thano l  (0- 1 5% v/v) on  t he  
retent ion profi les of the tested com pounds was crit ica l l y  studied i n  batch 
mode of extract ion at the opti mum pH of  extract ion of each i nsect ic ide . I n  
t hese exper iments 1 00 cm3 of each compound ( 1 00 )lg/cm3) contai n i ng 
certa i n concentrat i on  of (0- 1 5% v/v) we re m i xed wi th 0 . 200±0 . 002 g o f  
t he  d ry u n loaded foam cubes. The  solut ions we re t hen  shaken for 2 h rs. 
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and t h e  foam m at e ria l s  were separated out  by decantat i o n .  The 
reten t ion  behav io u r  of each compound we re then  obtai ned f rom the  
val ues of  t he  percentage extract ion and  distr ibuti on  rat io a t  each ethanol  
concentrat ion .  
3 . 2 . 5 .  Dyn a m i c  (C o l u m n) E xpe r i m e nt s : 
3 . 2 . 5 . 1 .  C h r o m atograph i c  b e h av i o u r  o f  t h e  t e sted i n sect i c i d es 
o n  a c o l u m n  pa c ked w i t h  u n l oa d ed foa m :  
Quant itative retent ion and e lut ion of t h e  tested compou nds on  the 
u n l oaded po lyu re thane  foam p acked ( 1 5 cm h e i g ht x 1 5  m m  1 D ) 
col u mns  were carr ied out  us ing  t he  vacu u m  met h od of foam packi ng  
(Braun et  al. , 1 98 1 ) .  Tap o r  d ist i l led water (0 . 1 -5 dm3) sample contai n ing 
0.05-0 . 1  mg of the tested insecticide were percolated th rough  the col umn  
packed wit h 3 ± 0 .002 g of  the u n l oaded foam at 1 0- 1 5 cm3/mi n .  at t he  
opt i m u m  pH  of each i nsect ic ide .  Afte r  squeez ing  water  fro m the  foam 
materia l , the compound was then recovered quantitative ly  f rom the foam 
with 200 cm3 acetone in a Soxhe l t  ext ractor for 8 h rs .  The ana lyte was 
then  determi ned by measuri ng the absorbance of t he  so lu t io n agai nst a 
reage nt b l ank  aft e r  be i ng concen t rated to  2 5  cm3 w i th  a rotary 
evaporato r. The effect of sampl e vo l u me up  to 5 dm3 and f low rate (2-25 
cm3/mi n . )  on the retenti on  and recovery of the tested compounds by the 
u nl oaded foams we re a lso crit ica l ly  dete rmined.  
E l ut i on  of some of  the tested i nsect ic ides we re quant i tat ive l y 
carried out  by percolat i ng  an aqueous so lut ion of acetone-Hel  ( 1 : 1  v/v ) .  
The e l ut ion  of Du rshan was carried ou t  eff icient ly by  an aqueous so lut ion 
o f  acet o n e  adj u sted t o  pH 3 . 4 .  Meas u re m e nt o f  t h e  e f f l u e nt 
concentrat ion was carried out spectrophotometrical l y  for each i nsecticide 
at "-max (Table 3. 1 ) . 
[74] 
3 . 2 . 5 . 2 .  C apa c i ty:  
T h e  p ract ica l  u sefu l ness of  co l u m ns packed wi th u n l o aded 
po lyeste r  based po lyu rethane foam can be tested by meas u ri n g  t he i r  
b reakt h rough  capacit i es .  B reak-th rough  capacity was def i ned as  t he  
amou nt o f  t he  tested compound that cou ld  be  retai ned on  the  col u m n  
w h e n  t h e  i nsect ic ide was a l l owed t o  pass t h ro u g h  t h e  co l u m n  at a 
reasonab le  f l ow rate (� 5 cm3 m i n - 1 ) u nt i l  t h e  i n sect ic ide was f i rst 
detected i n  t he  eff l uen t  so lut io n .  A so lu t i on  of 60 Ilg cm-3 of each 
compound in tap water  was used at the opti mum pH of each compound 
and perco lated t h rough  the  foam-co l umn  packed wit h  3.00 ± 0 .002 g of 
the un l oaded foam at a reasonable f low rate of 2-5 cm3/mi n  unt i l  t he  
e ff l u e nt so l u t i on  co nce n t rat i on  reached t hat o f  t h e  feed one .  The  
meas u reme nt of t he  eff l uent concent rat ion  of t he  tested speci es we re 
carr ied out as before . 
[75] 
3 . 3 .  R E S U LTS A N D  D I SC U SS I O N  
T h e  i nt roduct ion o f  porous po lyu rethane foam as a cel l u l ar sorbent 
fo r t h e  rap id  separat i o n  and p reco ncent rat i o n  o f  po l l u tants i s  of 
i mpo rtance in the e nv i ronmental stud ies .  Spherical forms of  the foam .  
and hence sphe rical membrane shaped geomet ry .  a re p refe rred t o  t he  
t rad i t ional g ranu la r  supports i n  ext ract ion chro matog raphy  (Braun .  e t  al . .  
1 985) .  The membrane l i ke structure of t he  foams togethe r  wi th eff icient 
so rpt i on  and mass-t ransfe r p ro pe rt i es offer bette r  conce ntrat i ng  ab i l i ty  
and f low rates compared to  ot he r  so l id  supports  (AI - Fass i  and  Wai t 
1 992 ) .  The so l i d  foam concent rates various  species i n  so lut i on  by a 
phase  d ist ribut ion  mechan ism rathe r  than by adsorpt io n .  Th is  method 
al l ows the i so lat ion  of the analyte from the matri x  with h igher  en richment 
factor. A lso.  the advantage of  good hydrodynamic p roperties of the foam 
col umn  al lows the appl icat ion  of h i gh  f low rates without the appl icat ion of 
vacu u m .  T h i s  t ogeh te r  w i t h  t h e  rap i d  atta i n m e nt o f  absorpt i o n  
equ i l i b ri u m  o n  t he  t h i n  foam membranes reduce t h e  t i me requ i red fo r 
ana lys is .  Thus .  in  recent  years the use of  po lyuret hane foam as an 
i nexpensive so l id extractor and effect ive sorbent for  t he  removal of a i r .  o i l  
and water  po l l utants was extensively reported (AI -Fassi and Wai t 1 992) .  
3 . 3 . 1 . Sorpt ion  c h a racte r ist ics  of th e  tested i nsectic ides on 
t he u n l oaded polyu ret h a n e  foa m s :  
T h e  ext ract ion  o f  t h e  tested i nsect ic ides on  t h e  un loaded po lyester 
based po lyu re thane foam was fou nd to depend  o n  t h e  pH  o f  t he  
extraction  media .  The  effect o f  pH on  t he  retent ion  o f  each of  t he  tested 
compounds  at 80 )lg/cm3 concentrat ion was crit ical l y  i nvest igated by the 
batch mode of extract ion over t he  pH range 2- 1 0. The absorbance of the 
aqueous  p hase of  each co mpound  was meas u red  at  the o pt i m u m  
[76] 
wave length  of each compound (Table 3 . 1 )  afte r ext ract ion .  The sorpt ion  
prof i les of the i nvest igated compounds by the un loaded foams are g iven  
i n  (F i g .  3 . 3 ) f rom wh ich  i t  can be seen t hat t he  max i m u m  rem oval o f  
Malath i on  and D iazi non  by the u n loaded foams occu rred i n  t he  pH range 
5-7 wh i l e ,  fo r D u rsban ,  t he  same was recorded in  the pH  range 2-4 .  
Malath i on  d isp lays a l east removal at  pH  9 .  Loweri ng t he  pH  tends to  
p rotonate the  n i t rogen atoms of the u rethane l i nkage (a) and/or the ester  
oxyg e n  (b )  ato ms of  the po l yu re thane foam (E I -Shahawi , 1 994)  as 
shown i n  Fig .  3 .4 .  Thus ,  the sorption  o f  the tested compounds decreased 
on l oweri ng t he  pH of  t he  extract ion  media and i nvo lves neutral species 
and th is is  consistent with a solvent-extract ion mechan ism (E I -Shahawi , 
1 994 ) .  
Stat ic expe riments us i ng  un loaded polyu rethane foam revealed that 
t he  ext ract ion  of t he  tested i nsect ic ides was re lat ive ly  s low a nd t hat 
equ i l i bri um  was attai ned wit h i n  40 m i n .  of start o f  t he  test . Accord ing ly ,  
i n  subsequent  experi ments a m i n i m u m  o f  50 m i n .  o f  equ i l i b rati on  was 
a l l owed.  Th is  concl us ion  is supported by t he  resu l ts p resented by the  
cu rves of  F ig . 3 .5 .  where the  data revea l  rep roduc i b le  and constant 
extraction  eff ic iencies.  
3 . 3 . 1 . 1 . Sorpt i o n  i sotherms of the tested i n sect ici d e s :  
T h e  amou nts o f  uptake o f  Malat h i on ,  D iaz i non  a n d  D u rsban f rom 
t he  aqueous so l ut i ons by t he  un l oaded foam was fou nd to depend on  
t he i r  i n i t ia l  concentrat ions .  Therefore ,  the sorpt ion  prof i les of the tested 
compou nds on the  un loaded po lyester foam were dete rm i n ed ove r a 
wide range of concentrat ions  ( 1 0-200 Ilg/cm3) at 20 ± 0 . 1  °C . The pH 
va lues of t he  aqueous so lu t ions  we re adjusted wi th Bri tto n-Rob i nson 
buffer to pH 4-6 , so that the compounds were p redominate ly i n  the neutral  
o r  protonated form.  At low concentrat ions of the t h ree compounds the 
[77) 
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F ig .  3.4.  The st ructu re o f  the p rotonated u rethane (a) and/o r ester  (b)  
l i nkages of the po lyester-based po lyurethane foam. 
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Fig .  3 . 5 . E ffect of  sh ak i n �  t ime on t h e  s o rp t i o n  p ro fi l e s  of  Malat h i o n  ( 1 ) . 
D iazinon (2 ) ,  and J u rsban (3 )  by u n l o aded foams (0 . 3 ± 0 .004 g )  at 
80 �g/cm3 i n  aquEous solut i o n  ( 1 00 cm3) at the opt imum p H  of  each 
co m pound and 2C ::: 0 . 1  . oC.  
(80J 
amounts retai ned by the  foam var ied l i nearl y  with t he  co rrespond i ng  
conce nt rat ions  i n  so lut i o n ,  bu t  tended to satu rat i o n  a t  h i g he r  val ues .  
T h e  resu l ts a re s u m m ar i zed  in  F i g .  3 . 6  w h e re t h e  rema i n i n g  
concentrat ion  o f  the tested i nsect ic ides i n  the aqueous phase are p lotted 
versus the i r retai ned concentration  on the foam materia l .  The sorption  of 
the tested i nsect ic ides by the un loaded foam i ncreased i n  the order :  
D u rsban  > Malath ion > D iaz inon  (3 .4 )  
as s hown i n  F i g .  3 .6 .  S i m i l a r  t re nds fo r  t h e  sorpt i o n  o f  t he  tested 
compou nds were o btai ned wi th d iethy lether  and fo r other si m i la r  species 
ext racted on the polyu rethane foams (E I -Shahawi ,  1 994 and E I -Shahawi 
and A ldhaheri ,  1 995) .  Therefore 'solvent ext ract ion '  is the most probable 
mechan i sm  for t h e  sorpt i o n  of t he  tested spec ies by t h e  u n l oaded 
pol yester-based polyu rethane foam from aqueous media at the opti mum 
pH  of max i m u m  ext ractab i l i ty .  The  resu l t  i s  i n  agreemen t  w i t h  t he  
seque nce of mo lecu lar  we ights of t he  t h ree compounds.  Fo r  D u rsban , 
Ma lat h i o n  and  D i az i n o n  t h ese  a m o u nt to 345 . 5 ,  330 . 5  and 268 ,  
successive ly .  With co mpou nds of the same  natu re i t  i s  we l l  establ ished 
t hat t he  l arge r  t h e  molecu lar  we i ght o f  t he  so rbate ,  t he  h i g he r  is  t he  
amo u nt ret ai n ed by t he  foa m  ( E I - S hahawi and  A I - D h a h e ri ,  1 995 ) .  
H oweve r, i n  v i ews of  t h e  co mp lex  n atu re o f  t h e  membra n e  of  t he  
po l yest e r  foam seve ral mechan i sms  of  so rpt i o n  cou ld  be i nvo lved 
s i  mu ltaneous ly (Palagyi e t  at. , 1 992 ) .  
Pre l im i nary exper iments i nd icated that temperatu re affected the rate 
of ext ractabi l ity  of t he  tested compo u nds .  To test t h is parameter  stati c  
experiments were conducted a t  35 ,  45 and  55  ± 0 . 1  °C and the  extract ion 
prof i l es  of the tested species by the u n loaded foam were dete rmi ned at 
t h e  p H  o f  m ax i m u m  extract i on  of each i n secticide .  The  pe rcentage 
ext ract i ons  and the d ist r ibt u i on  rat ios  o f  the tested co m pou nds were 
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Fig .  3 . 6 . EXu2ctio n isot h e rm o f  McJath ion  ( 1 ) .  O i 2ZtnOn ( 2 ) .  2nd Durs o2n (3)  
at  c o ncentr2t ion 1 0-200 .uglcm3 by t h e  u n l c aded foams (0 .3  :: 0 .004 
g )  fro m 1 00 cm3 aq u ecus  sam p l e  2t o pti m u m  pH o f  extrac: i o n  2nd 
20 = 0 . 1 °C and 1 hr. extrac: icn t i m e .  
[82) 
found  to i ncrease sl i g ht l y with rise i n  temperatu re but t he  general t rends 
obtai ned at 20 ± 0. 1 °C remai ned the same .  Assum ing  no preci pitat ion 
or  che lat io n  occu rred . and that t he  sorbed speci es ex isted as neut ral  
species. the equ i l ib ri um  constant K of the react io n :  
I nsect ic ideaq �_eo " I nsect icidefoam (3 .5 )  
i s  cons idered be equ ival ent to t hat o f  the distri but ion rat io .  D .  Appl yi ng  
the equati o n :  
I n K  (3 .6 )  
the va l ues  of  t h e  standard e ntropy change .  6 So and  the standard 
e nt ha l py c h a n g e .  6 H o  we re ca lcu l ated (Tab le  3 . 1 ) . The  6 S o  fo r 
Malath i on  and D iaz i non  were -32 ± 2 and -36±2 J/mo l . deg . .  respective ly 
wh i le  that fo r D u rsban was - 1 9 ± 2 J/mo l .deg .  The h igh mol ecu lar  weight  
o f  D u rsban ( MW=345 .5 )  may accoun t  for  i ts  h ig h e r  va lue o f  6S ° 
(Adamson .  1 967 ) .  The low 6So val ues fo r D i az i n o n  and  Mal at h i on  
so rptio ns may  be  attr ibuted to  restr icted mot i on  o f  t he i r  co rrespond ing  
mo lecu les i n  t he  po l yeste r foam as  reported by Sch umack and C h ow.  
( 1 987) .  The p resence of a P=S g roup i n  Malath ion  can also reduce the 
i on -d ipo le  i nte ract i on  w i th  t he  oxygen  s i tes of t he  este r  g roup  in  the 
po lyurethane foam .  
The  po l ymeric natu re and/o r t he  d i f ferent  f unct i o na l  g roups o r  
heteroatoms o f  t h e  foam may also partic ipate i n  t h e  so rption  p rocess of 
both Ma lat h i o n  and D i az i n o n .  These ideas are cons istent  with t he  
so lvent e xt ract i on  mechan ism and a re  i n  good  ag ree men t  w i t h  t h e  
resul ts reported by Schumack and Chow ( 1 987) .  
[83] 
Table 3 . 1 . Thermodynamic data fo r the  sorpt ion of the tested i nsect icides by the 
un l oaded foams" .  
I nsect ic ide tJ-Io (kVrnol)*·  -6So ( j .  rno/" 1 deg-1 r· Wavelength" 
(nm)
' 
Malat h i o n  24  ± 2 . 5  32  ± 2 280 (3 . 1 3) 
D iaz i n o n  2 2  ± 3 36 ± 2 290 (2 .94) 
D u rsban 28 ± 2 1 9  ± 2 206 (4 .4 )  
.. Cond it i ons :  Ex t ract ion  from aqueous so lut ion  ( 1 00 cm3) at  opt i m u m  pH of  
max imum extract ion  of each i nsect ic ide and temperatu re range 
20 -55  °c by t h e  u n l oaded f o a m s .  Ave rag e of  t h re e  
measurements ± S O .  
.. ..  The logarit h m  of  t he ext i nct ion  coeff ici ent  (E = I mo l - 1  cm- 1 ) of the tested 
i nsect ic ides is g iven in pare nthesis .  
[84] 
The valu es of t he  standard entha lpy change ,  6Ho were found to be 
in t he  range 22-30 kJ mo l - 1 . Rais i ng  t he  tempe ratu re may faci l i tate t he  
d istr i but ion of t he  tested spec ies by the  u n l oaded foams t h ro u g h  t he  
po lyu rethane foam v ia  u rethane l i nkage (a )  and/or ester  oxyge n  atoms 
(b )  as  : 
[R - NH - 0 J - Rln ­
(a) 
(b) 
The effect o f  the e thano l  content  (0 - 1 5% v/v) o f  the extract i on  
m ed i u m  on  t h e  p reconcent rat i on  o f  t h e  t h ree  tested i nsect ic ides by  
un loaded foams were exami ned at t he  opt imum pH  va lue .  The  sorpt ion 
p rofi les of Malath i on  p rog ressive ly decreased as the ethano l  content  o f  
the so lu t ion was i nc reased to 1 5%. The results a re shown i n  F ig .  3 . 7. 
A s im i lar  behav iou r  was also recorded with D iaz i non  so lu t ions .  The ro le  
o f  a lco h o l can be att r ibuted t o  t he  fo rmat i on  o f  d i ffe re nt l i po p h i l i c  
associat ions i n  t he  aqueous sol ut ion  (West , 1 973) .  T h e  s peci es present 
in the aqueous so lut i on  are solvated and do not read i l y  form ion -pa i rs .  
Th i s  i dea  is  consistent with t he  fact that with a compound of  l ow  d ie l ect ric 
constant ,  t he  deg ree of ext ract i on  shou ld i ncre ase wi th i ncreas i ng  the 
so lvent po lari ty of t he  po lar phase (Schumack and Chow, 1 987) .  Thus ,  
the "solvent ext ract ion"  mechan ism is  t he  most probable mechan ism for 
the sorpt ion  of Malath ion  and D iaz i non .  I n  contrast , t he  sorpt ion  prof i les 
o f  D u rsban i ncreased wit h i ncreasi ng  ethano l  content  o f  the so lu t ion  
[85] 
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Fig . 3 . 7 . Effect of  ext ract i on  media on the sorpt io n  p ro f i l e  o f  Malath ion  by 
the un l oaded foam at 40 m i ns .  shaki ng  t i m e ,  0% ( 1 ) ,  5% (2)  and 
1 5% (3) of ethano l .  Other  condi t ions as in  Fi g .  3 . 5 . 
[86] 
(F i g .  3 .8 ) .  Therefore , the natu re of the  sorpt ion  media has a marked 
effect on the sorpt ion behav iour  of the tested i nsect ic ide. 
The effect of various concentrat ions of alkal i metal (L i+ ,  Na+, K+, and 
N H; ) ch lo rides at concentrations  $; 0 . 1 M on  the sorpt ion percentage of 
Mal at h i o n ,  D iaz i no n  and D u rsban at 1 00 /lg/cm3 was studi ed at t he  
opt i mum pH and  contact t ime  fo r  each i nsect ic ide.  The  resul ts obtai ned 
are summarized in Table 3 .2 and F igs .  3 . 9-3 . 1 1 .  S ign i f icant i ncrease i n  
the d istri but ion rat ios o f  Malath ion  and D iazinon  (Table 3 . 3 )  and F igs .  3 . 9  
and  3 . 1 0  was observed at 0 . 1  M L iCI  o r  NaCI and  the  fol l owi ng  order  o f  
extractio n :  
(3 .7 )  
was ach i eved fo r Ma lath ion  and D iazi non  o n  t he  u nt reated po l yeste r  
foam.  The d istri but ion rat io o f  Malath ion  i ncreased with the  amount o f  
L iC I  and NaC I  added f rom log 0 = 2 .40 and 2 .28 to 3 .30 and 2 . 65 for Li+ 
and Na+ ions at 0 . 0 1  and 0 . 1 M, respect ively (F i g .  3 . 9 ) .  This behav iour  is 
characterist ic of a "solvent-ext ract ion mechanism" with the salt act i ng  as 
sal t i ng -out and the  cati on  che lat i on  mechan ism is exc luded (Pal agy i  et 
al. , 1 992) .  The added catio ns (L i+ ,  Na+) i ncreased the  sorpt i on  p rofi les 
o f  the tested i nsect ic ides i nto  t he  u n l oaded foams by reduci ng the 
number  o f  water  mo lecu les avai l ab l e to  solvate t he  tested co mpound 
wh ich wou ld  t he refo re be fo rced out  of the so lvent phase i nto the  foam .  
I n  such case some amount o f  "free" water  mo lecu les are prefe rent ia l l y  
used t o  so lvate t he  i o n s  added (Fong a n d  Chow 1 992 and Stewart and 
Chow,  1 993) .  Therefo re ,  the added catio ns appear to exert a sal t i ng  out 
effect and the "solvent ext raction"  mechanism accounts fo r the sorpt ion of 
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Fig .  3 .8 .  Effect of ext ract io  media on the sorpti on  prof i le  of D u rsban by 
the u n l o aded foam at 80 m i ns .  shaki ng  t i m e .  0% ( 1 ) .  5% (2)  
and 1 5% (3) of ethanol. Other  condi t i o ns as i n  F ig .  3 .5 .  
[28] 
Table 3 .2 .  The logarit h m  of  d istri buti on  coeff ic ient ( log D )  for  t he  sorpt ion  of the 
tested i nsect ic ides by t he  u n loaded foams i n  the p resence of differe nt 
a lka l i  un ivalent cat ions· . 
Cat i on  log D 
Concentrat ion  
(M)  D u rsban Ma lat h i on  D i az i non  
L iC I  
0 . 0 1  3 .B±0. 1 2 . 4±0 . 2  2 .3±0 .2  
O .OS  3 .BiO . 1 3 . 2iO. 1 2 . S0iO . 07 
0 . 1 3 .70iO . 09 3 .30iO . 1 2 .BiO . 1 
NaC I  
0 . 0 1  4 . 1 iO. 1 2 . 2BiO .OS 1 .9iO . 1 
O . OS  4 . 1  ±0 . 1 1 .B±0. 1 1 .6±0 . 1 
0 . 1 4 .0±0 . 1 2 . 6 SiO. 1 2 .40iO . 07 
KCI  
0 . 0 1  4 .3iO. 1 1 . S±0. 1 1 .7S±0 .07 
O .OS  4 .4iO . 1 1 .6iO . 1 1 .SSiO . 09 
0 . 1  4 .SiO . 1 1 . SiO . 1 0 .90iO .OS 
N H4C I  
0 . 0 1  4 .3iO . 1  1 . 3iO . 1 1 . S0±0 .OB 
O .OS  4 .3±0 . 1 1 .4iO . 1 1 .2B±0 . 07 
0 . 1 4 . 2iO. 1 1 .3±0 . 1 0 .76iO . 09 
• Condit ions:  Ext ract ion from aqueous solution ( 1 00 cm3) at  the pH of maximum extract ibil ity of  
each compou nds (80 jlg cm-3 ) .  Average of f ive measurements ± standard 



















Cation Size, A Q 
E H e ct  of catio n  size and co n c e ntrati o n  (!S: 
0 . 1 M) of  vari o u s  u nival e nt 
i o n s  (Li "- .  N a � .  K� and N H�) o n  the s o rpti o n  profi l e s  of  Mala·h ion by 
u n l o aded foams. Salt conce ntrati ons are 0 . 0
1  M ( 1 ) ,  0 .05 M (2) ana 
0 . 1 M (3 ) .  Other  co ncit ior.s eS in  Fig . 3.5 end 1 h r. shaking time .  
[90] 
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Fig .  3 . 1 0 .  E 'fect o f  cat ion  si ze and concentrat i on  (� 0 , 1 M)  of  various  u n ival ent 
ions ( Li + ,  Na+ ,  K +  and N H� ) on the  s o rpt i o n  p rofi l es of  D i az inon  by 
the u n loaded foams .  Salt concentrat i ons  are 0 . 0 1  M ( 1 ) ,  0 . 05 M (2)  
and 0 . 1 M (3 ) .  Ot her  condit i ons as i n  Fig , 3 .5 and 1 h r. shak ing ti me .  
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Fig.  3 . 1 1 .  Effec� 9t cation size and co nce ntr3ti o n  (� 0 . 1 M) of various unival ent 
ions (U� ,  Na+, K+ and NH:) o n  the s o rpti o n  profi les ot D u rsban by 
the unloaded foams . S alt conce ntrati o ns are 0 . 0 1  M ( 1 ) , 0.05 M (2 )  
and 0 . 1  M (3)  . .  Other co ndit i o ns as i n  Fig.  2.5 and 1 hr. shaki ng t i m e .  
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The  rete nt i o n  behav i o u r  o f  Du rsban by t h e  u n l oaded foams 
(Fi g .  3 . 1 1 )  i ncreased i n  the presence of t he  a lkal i  (L i + ,  Na+ ,  K+ ,  and 
N H; ) ch lo rides and the fo l lowi ng o rde r  o f  sorpt i on  by the u n loaded 
foams :  
(3 .8 )  
was establ i shed at  sa l t  co ncentrati on  � 0 . 1 M .  Therefore t he  i on-d i po le 
i nte ract i on  o f  N H; with  oxygen  s i tes of po lyurethane foam m igh t  be a 
p redo m inat i ng factor  i n  the sorpt ion  of Du rsban and the cation  che lat ion  
mechanism was suggested to accou nt f o r  the so rpt ion of t h i s  compound 
(B raun et at. , 1 985) .  Accord i ng to th is  mechan ism" the K+ faci l itates the 
ext ract ion  o f  t he  Ou rsban by the un loaded polyester foam more t han the  
ot he r  alkal i  metal ions ( N H; , Na+  o r  L i + )  because it f i ts bette r  i nto t he  
cen t ra l  cav i ty  o f  t h e  oxyg e n - rich  h e l i x  i n  t h e  p o l y u re thane  foam 
( E I -Shahaw i  et at. , 1 994 ) .  The sorpt ion  p rofi l e  o f  D u rsban i s  i n  g ood 
ag ree ment w i th  t he  resu lts recent ly reported by Palagyi and Braun ,  1 992.  
To con fi rm the salt i n g  ou t  of t he  added cat i ons on  the  sorpt i on  
prof i les of Malath i on  and  O iaz i non  by  the un loaded po lyester foams,  t he  
extract ion o f  1 00 cm3 of the former species (80 �g/cm3) at pH 4 and  pH 9 
was crit ica l ly  i nvesti gated after shaking for 40 m i ns .  The addi t i o n  o f  Li+ 
i o n s  at 0 . 0 1  M co nce nt rat i o n  to t h e  sorpt i on  med ia  i ncreased t h e  
d istri buti on  rat i o  o f  Malath ion  more i n  a so lut ion o f  pH 4 ( log 0=3 .6 )  than 
in  a so lu t ion  o f  pH 9 ( log 0=2 .4 ) .  Th is  behav iou r i s  att rri buted to t he  
i ncreased amount  of neutral species of Malath ion  at pH 4 as  compared 
to pH 9 .  Th is  behav iour  conf i rmed that both Malath ion  and O iaz i non  are 
h i g h l y  ex t ractab le  i n  t h e i r  neut ral forms .  Thus ,  "so lve nt -ext ract i on "  
m echan i sm wit h t he  sal ts act i ng  as  sal t i ng  out  age nts i s  t he  most 
[93] 
p robab le  mechan ism for t he  preconcent rat ion of D iaz inon  and Malath ion  
by the  u n loaded po lyu rethane foams.  
3 . 3 . 2 .  C h ro matograph i c  b e h a v i o u r  o f  t h e  tested i n s e ct i c i d e s  
o n  po lyu ret h a n e f o a m  c o l u m n s :  
The sorpt ion  behav iour  o f  t h e  tested compounds with t h e  u n loaded 
po l yest e r  foam i n  batch -type expe r i m e nts s u g gests t h e  poss i b l e  
app l icat i on  o f  t he  foam i n  dynamic extract i on  mode fo r the quant itat ive 
rete nt i o n  and recovery o f  the t h ree tested po l l u tants .  To test t h i s  
su ppos it i o n ,  samp l es  o f  t h e  i n sect ic ides i n  d ist i l l ed- o r  t ap - wate r  
(0 . 1 -5 dm3) contai n i ng 0 . 05-0 . 1 0  mg were passed separate ly t h rough  the 
foam co l umns  at  a f low rate of 1 0- 1 5 cm3/m i n .  A lmost complete retention  
of t he  tested compou nds was ach ieved by the un l oaded foam co l u m n .  
The  so rbed compou nds were t hen  recovered from t h e  foam materia l  
w i th 1 00 cm3 acetone in  a Soxhe l t  ext racto r after squeez ing water  f rom 
t he  foam and  determi ned spect rophotometrical l y .  Satisfactory recove ry 
percentages (92± 1 - 96±2) of the tested compounds were obtai ned from 
the  aqueous media by  the  proposed foam col u m n  met hod .  The resu lts 
obtai ned are summarized in Table  3 . 3 .  
The effects of f low rate and  sample vo lu me on  the  retent ion o f  t he  
tested c o m po u nds by t h e  u n l oaded po lyeste r  foams were cri t ical l y  
i nvest i gated.  An aqueous samples (0 . 1 - 5 dm3) contai n i ng 0 . 05  mg  of  
D iaz i non  was percolated t h rough  the foam col umn  at  f low- rates vary ing  
between 5 and 25 cm3/mi n .  A lmost complete sorpt ion  of t he  compound 
was ach ieved f ro m  5 d m3 o f  aqueous  so lu t i on  at f low-rates u p  t o  
1 5  cm3/mi n .  Sorpt ion  decreased to 76% as  t he  f low-rate was i ncreased 
to  25 cm3/mn .  
[94] 
Table 3 . 3 .  Extract ion  a n d  recovery o f  t h e  tested i nsecticides (0 .05 m g )  f rom 5 dm3 
o f  aq ueous  so l u t i on  at 1 0  cm3 mi n - 1  f low rate by t h e  p roposed 
u n l oaded foam column " .  
Compound 
Ma lat h i on  
D i az i non  
D u rsban 
Recovery 
(al (b) 
92± 1  9 3±3 
95 ± 2 96±2 
9 3±2 9 5±2 
" Condit ions :  Extraction from aqueous solut ion at the pH of maximum sorption of each 
insecticide. Average of five measurements f rom (a) disti l led water and (b) tap water ± standard 
deviat ion (SO) at room temperature.  
[95) 
The  performance of t he  foam co l u m n  was determ i ned from t he  
b reak t h ro u g h  capacity cu rve method fo r t he  tested i nsect ic ide (F i g .  
3 . 1 2 ) .  An  aqueous so lu t ion  of D iaz i non  (50 1l9/cm3) was perco l ated 
t h rough  the col u m n  at 1 5  and 25 cm3/m i n .  The he i ght equ iva lent  to  
t heo ret ical p lates ( H ETP) o f  t he  u n loaded foam co l u m n  was calcu l ated 
acco rdi ng  to the equat ion (Braun et al. , 1 985) : 
L 
H ETP (3 .9 )  
where L = l e ngth of the foam col umn  bed (mm) ,  N = number o f  theoretical 
p lates,  V1 = vol u me of the effl uent at the centre of S-shaped of the break 
t h ro u g h  cu rv e  w h e re t h e  conce n t rat i o n  is o n e  ha l f  t h e  i n i t i a l 
c o n c e n t rat i o n  a n d  V2 i s  t h e  vo l u me at wh ich  t h e  eff l uen t  has a 
conce ntrati on  of 0 . 1 578 of the i n i t ia l  concentrat ion .  The values of H ETP 
obtai ned by th is  method were found in the range 1 . 2±0 .3  m m .  
T h e  foa m  co l u m n  p e rfo rmance was a l so obta i n ed by t h e  
c h ro m atog ram m ethod  whe re quant i tat i ve rete nt i o n  o f  0 . 0 1  mg o f  
D i az i non  from 2 dm3 at opt im u m  pH were achieved b y  t h e  foam col u m n  
a t  f low rate  o f  1 0- 1 5 cm3/m i n .  E l u t ion o f  t h e  D iazi n o n  w i th  200 cm3 
aceto ne  - He l  ( 1 : 1  v/v ) t h ro u g h  t h e  foam co l u m n  at f low rate o f  
1 5  cm3/mi n  was then  carried out .  The he igh t  equival ent to a theoret ical 
plate ( H ETP) was obtai ned from the e lu t ion cu rve us ing the equatio n :  
L 
HETP (3 . 1 0 ) 
Where N = nu mber of theoretical plates, V max = volume of e luate at 
peak maxi m u m ,  W = width o f  the peak at � t imes the  maximum sol ute 
[96] 
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concent rat ion and L = l ength of the co l umn  foam bed i n  mm .  The H ETP 
va lues were found equal 1 . 1 ± 0 . 2  and 1 . 3 ± 0 . 2  mm at f low rates of 
1 0- 1 5 cm3 m i n - 1 , respect ive ly .  These va lues are in good agree ment 
with the one obtai ned from the break th rough  capacity cu rves. 
T h e  proposed foam co l u m n  method  h as been  s uccessfu l l y  
e mp loyed f o r  t he  separat ion  o f  b i na ry m ixtu res o f  Malath i on  (0 . 1 mg) ­
D u rs ban  (0 .05 mg)  f ro m  d i fferent  vo l u mes (0 . 1 -2 d m3 ) o f  aqueous 
so lu t ions  0 . 1  M sod i um  ch lo ride .  Sorpt i on  of D u rsban took p lace wh i l e  
Ma lat h i o n  was no t  reta i n ed on  the  foam co l u m n  and  co l l ected 
quant i tat ive ly in the eff l uent .  Du rsban was then recovered from the foam 
co l u m n  with 1 00 cm3 of a water/acetone so lut ion adj usted to  pH.=3 .4 in a 
S o x h e l t  e x t ract o r  a n d  t h e  co m p o u n d  w a s  d e t e r m i n e d  
spectrophotometrical ly at 206 n m .  
3.3 .4.  C a pa c i ty:  
The ana l yt i cal  app l i cat i o n  o f  co l u m n s  packed w i t h  u n l oaded 
po lyeste r  based po lyu rethane foam can be tested by dete rmi n i ng  t he i r  
b reak-t h rough  capacity cu rves.  B reak-t h rough  capacity was defi ned as 
the  amount of t he  compound that cou ld  be retai ned on t he  co l umn  when 
the  tested sol ut ion was a l lowed to pass t h rough  the co l u m n  at a rate of 
5- 1 0  cm3 m i n - 1  u nt i l  t h e  i nsectic ide was f i rst detected in the e ff l uen t  
so l ut i on .  The pract ical va lue  of capacity was equal to t he  actual vo lume 
of so lu t ion  co l lected just  before the appearance of  the i nsect ic ide in  t he  
ef f l uen t  m i nus  t h e  f ree-co l u m n  v o l u m e .  The  resu l tant va l ue  was 
mu lt ip l ied by the concentrat ion  of the o rig i nal so lut ion .  After  reach i ng  the 
break-th rough  vo l ume ,  e lut i on  was cont i nued unt i l  t he  concentrat i on  o f  
t he  eff l uent so l ut ion reached that of the feed solut i on .  The cu rves of F ig .  
3 . 1 2  present the b reak-th rough  vol ume and the vo lume needed to  reach 
bed satu rat ion  fo r  D iaz i non  (50 �g cm-3) of the 1 5  and 25 cm3/mi n  fl ow 
[98J 
rates. I t is c lear f rom the curves that the ris ing port ions have large s lopes 
wh ich  i nd icate bot h a h i g h  t ransfe r rate o f  D iaz inon  in the membranes 
form i ng the ske leton of the foam material and a h i gh  rate of attai nment of 
equ i l i b r i u m  between  t h e  tested co mpound  and the u n l oaded foam 
m ateria l . The b reak t h ro u g h  and overa l l  capacit i es of foam col u m n  
packed with o n e  g ram d ry foam for D iazi non  are 0 . 1 0  and 0 .08 mg at 1 5  
and 25 cm3 m in - 1 , respect ive ly. 
[99] 
C H A PT E R  4 
C O N C L U S I O N  
4 .  C O N C L U S I O N  
Experience wit h reagent loaded and un l oaded foam has shown that 
me rcu ry ( l I )  and l e ad ( l I )  i ons  at very low concentrat i on  ().l g /c m 3 ) i n  
aqueous  so l u t i ons  can b e  co l l ected o n  t h e  reag ent  f ro m b y  stat ic  
tech n ique .  A st i l l  l ower  concentrat ion (ng/cm3) o f  both  metal ions can be 
eas i l y  detected by percolati ng  t he  so lu t ion t h ro u g h  po lyurethane foam 
col u m n  at a reasonable f low rate. 
The res i l i ent ope n-ce l l  po lyurethane foam rep resents an  eff ic ient  
separat ion  and preconcentrat i on  medi u m  for mercury( l I )  and lead ( l l )  in  
extreme ly  d i l ute aqueous so lut ions (ppb level )  wh ich is of practical val ue .  
Po lyu re thane  foams l oaded w i th  1 , 5 -d i - (2- f l uo ropheny l ) - 3 -me rcapto­
fo rmazan  a re m o re su i tab le  f o r  t h e  detect i o n ,  s e m i q u an t i ta t ive 
dete rmi nat i o n  and  e n rich ment o f  m e rcu ry ( l I ) and  l ead( l l ) than for  
ch romatog raph ic type separat ion .  Detect ion of mercury( l I )  o r  lead ( l l )  ions 
i n  the p resence of  some ot h e r  cati ons  and an i o ns as i nte rferi n g  ions 
p roved to be feas ib le .  Semiquant itative dete rmi nati on  of both metal ions 
i s  a lso poss ib le  by co mpari ng  t he  co lour  of the foam cubes ( loaded o r  
u n l oaded)  w i t h  s tandards prepared u nde r  t h e  same expe r i m e nta l  
cond i t i o n s .  The  g reat pote n t i a l i t i e s  o f  ope n -ce l l  t ype  res i l i e nt 
po lyu re thane foam membranes is  att r ibuted to t h e i r  cheapness and 
avai lab i l i ty over t he  who le wo rld . 
Un l oaded po l yester  based po lyurethane foam i n  batch and col u m n  
m ode can be app l i ed  to  t rap t race amou nts o f  so me  phospho rous 
i nsect i c ides  f ro m  aqueous  med ia .  The  retai n ed s peci es can be 
recove red w i th  an  appropriate effl uent .  The separat i on  o f  t he  tested 
species f rom mixtu re can be ach ieved provided that there is a suff ic ient ly 
large d i ffe re nce in the o pt i m u m  co nd i t i on  o f  the ext ract i on  o f  each 
compound .  The sorpt i o n  p rof i l es  o f  Malat h i on  and D i az i non  in t he  
[ 1 00J 
p resence of a lka l i  metal i ons  were consistent with t he  "solvent extract ion 
mechan ism" .  The rete nt i o n  behavi ou r  of Du rsban was i ndicat ive of a 
"cati o n-che lat io n" mechan ism .  Studies on the  extract ion  of t he  tested 
speci es by the un t reated foam i l l ust rated the i mportance of the ext ract ion 
media and the mo lecular weight of the sorbate .  
A detai led study on  the  retent ion  of Malath ion  and D iazi non  by t he  
u n l oaded foams shows t hat t hese com pou nds a re ext racted i n  t he i r  
n e ut ra l  f o rm by a s i m p l e  "so lven t - ex t ract i o n  mechan i sm" .  Th i s  
concl us io n i s  supported by  t he  sho rt t ime  requ i red fo r  t he  extract i on  
equ i l i b r i u m  and t he  sal t i n g -out  phenomenon .  Open  ce l l  type resi l i ent  
po lyu re thane foams exh ib i t  exce l l e nt hyd rodynamic  p rope rt i es wh ich 
pe rmit the i r  ut i l izat ion in  rapid separat ion i n  col umn  mode operat ions at  a 
re l at ive ly h i g h  f low rates without s ign if icant i mpai rment of the separat ion 
eff iciency. Moreover ,  the foam offers a wider range of modi ficat ions than 
no rmal  g ranu lar supports .  The good hydrodynamic and aerodynamic 
p rope rt i es o f  the foam so rbent  g ive u n ique  advantage of  rap id  and 
versati l e  preconce ntrat ion  of the tested compou nds. 
The val u es of the nu mber of theoret ical  p lates (N) and the he ig ht 
equ iva le nt to  t heoret ica l  p late (H ETP) obta ined f ro m  the ch romatog ram 
cu rves  and the break t h rough  capacity cu rves conf i rm the excel l e nt 
performance of  t he  p repared u n l oaded foam co l u m n  i n  retent i on  and 
separat i on  of a series of o rgan ic p hospho rous in aqueous media.  This 
method cou ld be extended to preconcentrate d i ffe rent po l l utants from 
natu ral water  and indust ri al wastewater .  
[ 1 0 1 ] 
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